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This article originally appeared in March 1934, Volume 43, No. 1, pages 1-15, 
and is reproduced here in its entirety. 


A SYNDROME OF EAR AND SINUS SYMPTOMS 
DEPENDENT UPON DISTURBED FUNCTION 
OF THE TEMPOROMANDIBULAR JOINT.* 


James B. CosrEN, M.D., 
ST. Louis. 


The problem of temporomandibular joint function and occlusion 
being a major dental issue, it appears almost entirely in the dental 
literature. The following group of symptoms may be observed 
frequently in patients with endentulous mouths and a marked 
overbite; the syndrome is classic for lesions of the sinuses or 
ears ; yet overbite and disturbance of the joint are so easily over- 
looked as etiologic factors that it becomes a source of error in 
analyzing cases in otolaryngology. 

Conditions that have been given most attention in the medical 
literature are anterior dislocations, fracture of the neck of the 
mandible and ankylosis of the joint after chronic irritation or 
infection. These have received prolific comment, and appropriate 
surgical treatment has been carefully worked out. 

Each of these symptoms may be ascribed to some evident dis- 
turbance in anatomic function of the joint, its ligaments and 


* Read before the Texas Ophthalmological and Otolaryngological Society, 
Dallas, Texas, December 8, 1933. 

From the Department of Otolaryngology, Washington University School 
of Medicine, and the Oscar Johnson Institute. 
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JAMES B. COSTEN. 
muscular attachments. The ear symptoms depend upon actual - - 
ment of the eustachian tube and tympanic structures. The : 
“sinüs ' symptoms are more apparent than real. The actual source | E 


of this group of complaints was confirmed by the màrked improv e- ` E 3 | 
ment which followed correction of the overbite, renewal-of molar ``. = 
support to take pressure off the condyle, and establishment of =: ` SES 
proper articulation of the condyle within the fossa. 


The ear symptoms observed were: Pu 
Impaired hearing, continuously, or with intervals ou improve-. puer un 





ment. "EE. 
Stopping, or “stuffy” sensation in ears, marked about mealtime. ``, - V 
Tinnitus, usually “low buzz" in type; an often, a snapping ROT 

noise while chewing.. l i ae E : si 
Pain, dull type, within and about ears. . Ju - 
Dizziness, mild ; again, attacks of prostrating severity, definitely - 

relieved by inflation of eustachian tubes. = 


Alleged “sinus” symptoms: 
Headache, severe and constant, localized to vertex: and: occiput; 
‘and behind the ears—typical site of posterior. ‘sinus, -pain, but. 





increasing toward the end of day (atypical sinus NC and suge xL S 

gestive of eye headache). TE E Ran g | a 
Burning sensation in throat, tongue and side of nose. mtt E: 
The diagnosis of this condition is established > by :. — 





1..The lack of molar teeth, or badly fitting dental Plates, per- 2 d 
mitting overbite ; e b 
2. Mild catarrhal deafness, improved at once p inflation ot^ 








eustachian tubes; M a. = 

3. Dizzy celle relieved by inflation. of TA ; r ^ | s 

4. Tenderness to-palpation of mandibular joints pcs us 3 

5. Marked comfort to patient from interposing- a: fat dud bes. 
tween tlie jaws. i pos m ig ge aor 

6. Presence of the typical headache after sinus of,eye involve. $ A i 
ment has been corrected; presence of the typical. Headache wheit i x og 
sintises or eyes are found to be, negative. ee E Lx "d 


Eleven cases in which disturbance of inandibular joint. function = > , “æ 





^ae P , à. 
was the chief etiologic factor of abnormal ear and. head condi- eo 3 
aso y 
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A SYNDROME OF EAR AND SINUS SYMPTOMS. 
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Fig. 1. The temporo-mandikular articulation. Schematic drawing to show 


position assumed by articular structures when full molar support is afforded 
(mesial aspect). 


No pressure is exerted on the meniscus by the condyle. 
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E 7 erygordeus inč 














Masseter 


Fig.2. Variety of movements increased 
in the pathological temporo-mandibular 
joint. With molar support gone, condyle 
is brought upward against meniscus, for- 
ward against articular eminence, or back- 
ward against tympanic plate. 
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Fig. 3. Sketch of section through man- 
dibular joint in a cadaver specimen. It 
demonstrated the effect of uncontrolled 
movement of the condyle in the edentu- 
lous mouth. The bone has undergone 
pressure (?) atrophy, excavating the 
glenoid cavity. 
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l Case 1—Mrs, P. F. N., 61. The past hisfory: of, this Sides unim- © . 

portant, the only events being. concerned, with. the: ears. o Thi ‘hearing was ^oi. 
^ v gradually impaired for a few years, with tinnitus of. lé ‘buzzing type, o, VC 
"The relatives rioted her to be more deaf, or inàttentive,: at meal time; E DECRE ES 
hour later. she seemed responsive and heard- ‘much better, denying stoutly ~ p» e: -< ; As 
or not she could hear, and consult à neurológist it. necessary NS head M Aa 
"^ .Y* A grs 
ache, or Tespiratory infection of importance. Occasional dizzy ` ‘spell, atl a S MERE 
tributed to "biliousness." Dental plates 20. years old. evo cS ee 
“Examination, September 27, 1927: The patient has a. “soba strdctural oh nse $4 


a 
. H x 
E ES ^. 
^ 
- * 
ALAS 
A 





nose with no evidence of chronic infection about sinuses ot: “pharynx. > Tori: [4 DEL BM 
‘sils are.small; atrophic. The ear drums are perféct, somewhat: dull; ‘slightly. -- | 


retracted. Inflation of eustachian tubes show: the léft patént;. admitting." = eM E x 
air with normal sound. The right tube is tightly adherent, admitting no air. Si n NM ^s 
Hearing distance is 30 feet ow left, WV and CV. On the right, CV is ^ . à 
heard at one foot, WV not at'all. . Weber to ‘right. Diminished positive Bd 
„Rinne, . both sides. . Bone “condtiction slightly, prolonged: “over examiners. ee 
Cl and C4:reduced ‘on right. - Marked overbite of the: lower; ^ jaw: poles = e 
‘the lower lip over the upper. ` $a doi, a Ye ree of does : 
"Diagnosis :. O. M. C. Es right; overbite with eustachian, dibe-éprnjres- 
.sion.. i * E Ue x at 









Proper. dental. -plates: were: advised: No treatment of des 


NES Y was ois. Burm 
` sible, as. the ea lived: in a ‘small. town at some distance, cs : d < 
; On 


Lint oY: 
ME 4 


























“CY. was”. Er Hoi one x A > K 

d fiteen, PES WV from ? to ten feet, Thére: were ne. Xs e p. TEES: 
.spells MW l ve V EOS puc i a ae NE 
z ^, Case. 2.—Mrs. Á. KL 62. For -many years: this patient has hata“ taw” s enr gE a w 2 ed 
“Feeling i in the right side of the-throat. She has: frequent: headache; daily," - va oe See 
' over the right eye, behind the right ear, and into occiptit “There i isa: ‘burns. il I QE 
ting ‘sensation, at the end of the day, in the. right side’ ofthe: .nóse and m., , E 4 
tongue, which extends at times to the right ear. No deafness Or "dizzy-spells.' D IN ae 
“Examination, July 24, 1928: The nasal spaces are clear. of inféction. The. LES NT 
‘lower turbinates are enlarged, but not occluding. In the nasopharynx, ; the . 28 
right eustachian tube is set forward by a smooth mass, mucosa. ‘not broken ` EI 
on surface, and about 0.5 cm. in diameter., Palpation. shows‘ it" soft \in - i A f 
texture. The pharynx is otherwise normal Upper and: “lower “molars E = : E 
. absent on right. - i vy PEE LE ge " 
Hearing tests show normal hearing, bone’ conduction slightly prolonged.” 23 
-Biopsy of the mass was suggested and refused. EOR E EET 
Diagnosis: Sphenoiditis, chronic; right; pharyngitis; ‘chronii¢s “secondary ; queso dip d 
 nasopharyngeal tumor, right (?). NES eiii LESA, ste E 
October 2, 1933. The patient returned after: five years’ -absen E “Biopsy zrs v 
-was made and sections reported as chronic, inflammations yripliadencid* : md 
issue. . Palpation: of the mass showed it still;só oft, riot’ dncféaséd in size SR * 


‘All molars, | upper and lower, missing on the, Tight. ~The right ‘tempoto- i 





' ping’ ofj jaw. to: left, and wrenching of right joint. “Observed: dugh i naso- 5i: 
posso the soft mass in the nasopharynx'i is seen.to biilge markedly ' Y 
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A SYNDROME OF EAR AND SINUS SYMPTOMS. 
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1.Art eminence temporal bone 
2.Coronoid process of mandible 

3 Ext pterygoid plate of sphenoid bone 
4 Int pterygoid plate of sphenoid bone 
5 Cartilage of torus tubarius 

6 M pterygoideus ext -upper head 
(spheno meniscus m) 

T. Internal maxillary artery 

8 Ligament M temporalis 

9 Tendon m.tensor vel: palitini 

10 M. masseter 

11 Auriculo-temporal nerve 

12 Inf alveolar nerve 


Fig. 4. This section was made in a cadaver specimen with mouth open, 
and the condyle well forward on the articular eminence of the temporal 
bone. In this position the sphenomeniscus muscle is taut. When the jaw 
is brought upward, as in a marked overbite, this muscle and associated 
structures, are seen to relax, and the bulging tissues compress the mem- 
branous part of the eustachian tube. 


The patient was sent to her dentist, and upper and lower denture fitted 
in the molar spaces on the right. The last report from her was three weeks 
after, and there was marked relief from the headache and burning 
sensation. 


Case 3.—Mrs. W. H. B, 33. Patient is just beginning her allergic re- 
action to the fall grasses. In addition to the usual symptoms of sneezing, 
watery discharge, and obstruction of the nose, she has had a regular dull 
headache, localized about the ears and radiating to the cheek bones. The 
pain is daily and becomes severe by the end of the day. A burning sensa- 
tion radiates to the right ear. Onset corresponds with extraction of lower 
molar teeth six months before. 

Examination, July 30, 1932: Nasal spaces show allergic reaction, throat 
negative. Tonsils removed. Much dental work, Lower molars missing on 
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both sides, and the lower incisors close behind the uppers- with an extreme - 

overbite. E 
„Diagnosis : Headache from mandible joint: overaction ; overbite of jaws. x, -. 
— extreme. i , d 
On May 20, 1933, patient returned with previous inque symptoms more X 





severe. No trace of her seasonal allergy may be seen in the’ nose. Com- . 
plains of "full feeling" in right ear; examination negative--tübe normal. ° " oe neque Ce oue 



























She was again urged to have proper fitting of jaw teeth, and this time > ook. LE 
did:so. ^- en zo A ed. 
On July 2; 1933, about one month later, she reported that: all e cher head: DECRE Ne 
ache had disappeared. It did not return with her hay” fever "i the. late E tae s 
summer, : LE usd is E Y. 
me - pU 
" Case 4.—Mrs. B. B., 63. For past two years there has NM a caoi s. WONG CS o TR 
impairment for whispered voice, with middle and low tones heard wel.: ee de UN DA 
No tinnitus. No severe. iliness,. or qüinine' medication. No headache or. Ba 
dizzy spells. Al upper ieetli- have been extracted. and. An upper. plate worn EC 
about nine: years, ^ du tT mx ius 5 ns ar. 
» Examination, August 15, 19321 “The nasal spaces: are. e Of "Ri structure, " M 
except for a low spur forward on the left. Ear drums? perfe tz ‘Fonsils i 
removed, small fragment in the left lower pole. The uppér? “teeth: are res 7^ 
placed. by a plate, lower teéth, in good repair: ' There is: à: forward. overbite,- : "M EE 
of almost one-half inch,;and the upper incisor teeth edges: cover a us Hana Ve 
_ lower gums. a ume ~ AG 
- Hearing distance, CV -is thirty feet, both ears. WV, ds. “Heard at. ónés E 
^ #808 on left, not at all'on right. Weber not: lateralized- Rinne" formal’ a 
‘Schwabach, bone conduction time approximates that. or "éxam 208 
normal, 40 seconds. ` x 


On June 19, 1933,. patient reported, after wearing new upper" ‘plate for six’ = S 
months. Whispered voice increased to five feet, both ears. “There was; 22537... 
great difficulty in making ¢ a proper plate, and occlusion. às. slt obviously" " D Lo Me sod 
very: bad. . 2 ees. vB 

Case 5.—Mrs. J. i9. M; 55. "This mirabe cáse has [M an - invalid 
with paralysis agitans symptoms for four years. The tremor "was confined 
to the hands, weakness and gait difficulty prevented any effort“ at walking, : ee he 
and‘ attacks of mild dizziness made the patient refuse tò sit up; in bed; “ye. 2. Y og 
The hearing. was impaired, with sensation of "stopped: ears: ^ There’ "WAS Ra ey 
a'düll temporal and occipital headache, daily: Thé presence. òf; Occasiorial~ | 
infection about the- posterior»sinuses ‘seemed. to; prove: ‘this the: ‘sotirce ofe 
the fieadache, andin view of the tendency to become wòrs a: “resection. fev 
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the posterior sinuses was considered. The gravity of Hus procediare brought "NP Ni 
E ; US rk x; SORS S 

in consulting advice, i PESE nA 
Examiriation, November 15, 1932: The nasal spaces were entirely. mona ae CUT 
except for some hyperplasia about the posterior sinuses. : Thé ‘pharynx’. wae IMS 
was negative. Ear drums perfèct, slightly- dull. arid. retracted., ` 3 Very: flatz . 5 
dÆ poorly fi lates, 22 ld, itted. -overbite of S08 1.07 0 ke 
an poor y tting piates, years; old, permitted an: extensive ;over ite” o PME IE 
TAA. o a ` S Eaei 

.fheij jaw: Palpation of the mandibular son ‘showed tharked tenderness; 2 EN - 
both sides. iU E Uy CM surda OS 
Hearing distance for spoken voice was thitty. feet; both ears, “whispered” qi SAN 
voice not heard. C4 and C gross forks not lieard, middle C^ heard well ` OR Uk ap Pi 
Weber. not lateralized. Bone conduction prolonged to spy seconds. Rinne, : Di. XP us ka 
T & ~ ^ S ^ 








A SYNDROME OF EAR AND SINUS. SYMPTOMS. 
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Broken. tange spheno- goatee ligaments 
and pterygoid muscles further relaxed by marked 
overclosure of edentulous mouth 


Jaw open, condyle forward est mandibular Mandtble closed condyle resting in-glenord. 
Eie tense (Prentiss) fossa - - relaxation of spheno-mandtbular 
i o figts incorporated in thefascias of the two pery: 


vor e E D -gad muscles (Prentiss) 


Li n * “+ d 
^ po^ y LES x 
[EE Y ow ` ^ ` ^ 
x ^ bi 


S RU, 3 À - Córonal ction f ramus. and 


the two pterygords to show sphenomandibular 
ligament a part of general fascia (I)Ext ptery- 
goid (€)Int pterygoid (Prentiss) 
Fig. 5: Sketch of a study by Prentiss, showing.the manner of tehsing the 
sphenó-mandibular ligaments, and their behavior in a closed bite. Move- 


.ment of the pteryzoid ‘muscles’ is uniform. with. the Hgaments, being ‘con- 
trolled by them. f 


ras 
a- yk us ave? 


positive. Eustachian tubes. were tightly stopped when inflation was at- 
tempted. 
New dental plates were fitted, and the eustachian tubes inflated weekly 
for: one month. The dizzy. spells disappeared at once, the headache was 
completely. relieved by the end of the month’s period. This report is one ; 

; year, later, at which timé the paralysis agitans- symptoms have gradually in- = 
ceased. iThe patient sits up in bed or wheel chair without dizziness ; „there P M 
is no- further headache; the hearing is improved. 


Casé 6.—Mrs. L. W., 66; The patient notices impairment of hearing. 
his is gradually worse, and i is more marked at .meal_ times. No tinnitus 
“stopped” sensation of: ears. In spite of good: general condition, she 
ia chad dizzy spells, : requiring apport NUBE an, attack, Dental Pe 


CV I5 years old. - : 


' Examination, November 29, 1932: 1 There i is “good, structural r nose, with $n 
a small spur on the septum. No infection in 'any' sinus group. Drums are "s 
dull, somewhat retracted. | Fork tests show. all tones heard well except C 
gross, which is lost in both'ears; No change from normal bone conduction, 

Rinne, or Schwabach. "Weber to the right. é 
Diagnosis: O. M.-C. C. bilateral; Dental plates fitted loosely, and in. 
. addition.to a wide overbite, allow the.jaw to slip over one side in: occlusion. 
New plates were advised, but patient could not buy them. She'refused to me 
obtain them ata charity clinic. = 

June 15, 1933; ‘while having a dizzy spell, the patient fell, fracturing 

right femur ; recovery after seven weeks. 
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September 3, 1933. On this date she fell, breaking several ribs. 

The hearing is improved and the dizziness disappears as long as she can 
report weekly for inflation of the eustachian tubes, After explaining the 
condition to her, she has had marked relief, also, from holding a small pad 
of gauze between the jaw teeth. 

Case 7.—Mrs. S. L., 55. This patient was admitted on the neurological 
service at Barnes Hospital on April 18, 1933. Routine examination was 
entirely negative. She had a history of headache, covering a period of ten 
years. The pain was dull, distributed over eyes, in the parietal region, 
and around the ears. It had become more severe the past winter. No 
hearing impairment or ear symptoms. She was referred for sinus study. 

Examination, April 19, 1933: The sinus groups were negative except 
for a small amount of mucopus in the middle meati. Throat negative, ears 
normal X-ray study showed maxillary involvement on both sides, and 
clouding of the left frontal. 

The 18-year-old dental plates showed a wide overbite, with a ludicrous 
weaving of the lower jaw during attempted occlusion. Tenderness may 
be elicited on palpation of each mandibular joint. 

She was advised to have the mouth refitted with proper dentures, before 
attempt to correct the rather inactive sinus condition. This was promptly 
done. She reported by letter after four months, that all of her headache 
symptoms had entirely gone. 


Case 8.—Mrs. O. J. K., 64: For several years this patient has had a 
pain or ache which is occipital, worse on the right side, and during the 
daily attack has a low buzz in the ears. No history of nasal infection. 
Family notice hearing impairment, but she is not aware of it. 

Examination, April 30, 1933: Shows good structural nose, no trace of 
infection observed. The pharynx is normal, tonsils small. Ear drums 
are dull, slightly retracted. The lower plate, which is ill fitting (10 years 
old), allows a marked overbite. Two tongue depressors held flat between 
the jaw teeth is a noticeable comfort to the patient. (The patient then 
remarked that holding the mouth open at night always prevented headache. 
She reasoned that this kept the “cold air” out of her nose and helped the 
headache.) 

Fork tests were within normal range, except for hearing C4 and C gross 
poorly. Hearing distance normal for CV, reduced to 10 feet for WV. 

Diagnosis: O. M. C. C., mild; overbite with pathological joints. 

On May 13, 1933, patient reports wearing a new lower plate one week, 
with complete relief of her symptoms, and improvement in hearing. 

On August 1, 1933, a further report from the patient, that she has had 
no further symptoms, and hearing is improved. 

Case 9.—Mr. J. W. T., 47. The patient complains of recurrent attacks of 
"etuffiness" in ears for several years, with muffling of sounds. He has 
been treated by an otologist for one year with transient improvement, Dur- 
ing the year he had a nasal operation—resection of right sphenoid. He 
still has an occasional occipital headache. The hearing involvement cor- 
responds roughly with the extraction of all his molar teeth for arthritis 
five years ago. 

Examination, June 2, 1933: The ear drums are normal except for slight 
retraction, Nasal spaces show sphenoid resection, right side, thin mucopus 
pouring from all posterior sinus groups. Pharynx is negative. There is 
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Case 10.—Mrs, C. F. G., 55. Fifteen years ago "this patient, had; a severe | 
"influenza, with nasal trouble evér since. She definitely: associated. the ‘nasal. kp 
infé tions with: loss of her upper téeth. Any severe cold seemedsto: ‘localize Be UN LT 
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it one sinus or other. ‘All teeth were extracted six years ago." ‘This, attack.” PE. 
"dates from a sevefé cold one month before examination,’- "With: daily: - 





süpraorbital headache, ànd profuse nasal discharge: | ve 7 
Examination, September 19, 1933: Generally the nose. iss gritan 5 


crowded, but of good structure. Heavy mucopus iri both middle meati : 
Ears. -Riormal. All -teeth are extracted, and om first examination. it Was 


not'noted. that there was any abnormal jaw position; 
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A SYNDROME OF EAR AND SINUS SYMPTOMS, 






Zygomatc , M Y 
process * UM 
AW Eustachian tube 
"e 3 Sa 
Mandibular QAT 
fossa 77777 ALL Weis) 
Petrotympanic ,..--Mg? 
fissure 


Mastoid Ka 
process 


Fig. 9. Lower aspect of temporal bone, showing the petrotympanic fissure 
quite high, within the depression of the mandibular fossa. In such relation 
as this, the chorda tympani nerve emerging at the mesial end of the petro- 
tympanic fissure, is subject to irritation from the movements of the condyle 
in a pathological mandibular joint. (Drawn from a specimen in the 
anatomical collection of Dr. R. J. Terry, Washington University School of 
Medicine.) 


If these deductions are accepted, it would be on the basis of 
some type of concussion of labyrinthine structure or injury to the 
eighth nerve, in which case the recovery of hearing after correct- 
ing the joint function would be very slow. Their cases, as well 
as most of the present series, promptly improved in hearing within 
a few days or weeks after restoration of proper occlusion. The 
temporary nature of such deafness seems clear. The symptoms 
of dizziness in cases 1, 5, 6, 8 and 11 temporarily disappeared 
with the first inflation of the eustachian tubes and hearing distance 
was improved during the test. The róle of compression of the 
eustachian tubes and a resultant conduction deafness was quite 
evident ; and the association of dizziness with improper regulation 
of the intratympanic pressure was repeatedly demonstrated. Cases 
5, 6 and 11 habitually practiced opening the mouth as in a yawn 
to relieve dizziness and coincident "stopped" feeling in the ears. 


Looking to anatomic reasons for such a pressure effect, we find 
a definite basis for compression of the tubes. A section (Fig. 4) 
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JAMES B. COSTEN. 


pani nerve passes this spot through the iter chordae anterius at 
the medial end of the Glasserian (petrotympanic) fissure. (Fig. 
9.) It is-therefore quite evident that dull vertex pain from this 
source may be of dural origin, that pain over the temporal region 
originates in irritation of the auriculotemporal nerve, and that 
the pains referred to the side of the tongue may be attributed to 
pressure on the chorda tympani nerve. 


SUMMARY. 


Headache and ear symptoms directly dependent upon disturbed 
function of the mandibular joint frequently occur in cases show- 
ing sufficient pathology about the sinuses to otherwise account for 
them. There are so many medical, rhinologic and ophthalmologic 
reasons for headache distributed about the ears, vertex and 
occiput; and there are so many nasal changes to account for 
eustachian tube obstruction, that evulsion of the condyle of the 
mandible from overbite is not considered. 


Hearing tests show a mild type of catarrhal otitis with eusta- 
chian tube involvement, usually simple obstruction. This is due 
to pressure on its anterior membranous wall, transmitted through 
soft tissue from the relaxation of pterygoid muscles and asso- 
ciated sphenomandibular ligaments during overbite. 


The promptness with which the ears improve seems to con- 
trovert the idea that the ear condition is due to trauma or concus- 
sion of the labyrinth or tympanic structures from the condyle of 
the mandible. Cases of shock to the labyrinth from a blow on the 
chin are not within the scope of this paper. 

Attacks of dizziness in these cases are obviously due to changes 
in intratympanic pressure affecting the labyrinth. The effect 
is transient and recurrent, relieved by inflation of the eustachian 
tube, and not the picture seen in toxic labyrinthitis. 

The areas involved in the headache cases are typical of head- 
ache of posterior sinus origin and are easily taken for such. Per- 
sistence of the headache after indicated sinus surgery is some- 
times due to mandibular joint pathology. 

The symptoms arise as a result of overaction of the joint at 
first, and later adds the regional effect of a loose, pathologic joint, 
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A PERSPECTIVE 
JAWS REVISITED: COSTEN'S SYNDROME 


LUDWIG A. MICHAEL, MD 
DALLAS, TEXAS 


Although James Costen was not the first to ascribe ear pain, tinnitus, impaired hearing, and even dizziness to temporomandibular joint 
dysfunction, he developed an integrated and systematic approach ascribing the symptoms to dental malocclusion. He wrote extensively on 
it, and a few years after his original article, the term Costen' s syndrome came into general use. Recently, the use ofthe eponym has decreased, 
as dental malocclusion has assumed a lesser role in explaining many of the symptoms formerly ascribed to it. 


KEY WORDS — Costen's syndrome, temporomandibular joint. 


Listed in the Quarterly Cumulative Index Medicus 
(QCIM) for 1939, under “Jaws, diseases," is the first 
article with *Costen's syndrome’ in the title.! Costen's 
original article, which appeared in 1934, also listed 
under “Jaws, diseases,” was titled “A Syndrome of 
Ear and Sinus Symptoms Dependent Upon Disturbed 
Function of the Temporomandibular Joint.” He in- 
cluded ear symptoms such as impaired hearing, stuffy 
sensation in the ears, tinnitus, ear pain, and some- 
times severe dizziness relieved by eustachian tube 
inflation, “sinus” symptoms such as headache at the 
vertex and occiput, and burning sensations in the 
throat and tongue. When causes in the sinuses and 
ears could be ruled out, he attributed all these symp- 
toms to dental malocclusion. He followed up his 1934 
publication in the next 5 years with 11 other articles 
on the same subject.?-'? 


Costen was not the first to point out otolaryngologic- 
al symptoms of abnormalities of mandibular articula- 
tion, !4 but he made an impact in his 1934 article “with 
its directness and unequivocation,” 15113) in spite of 
its anatomic naivete. He had become interested in 
referred pain after seeing many patients for head pain 
that had been unrelieved by ethmoid or sphenoid 
sinus surgery. Costen thought the pain was probably 
related to the temporomandibular joint (TMJ). His 
work focused attention on pain in the region of the ear 
and the TMJ. Stressing occlusal derangement with 
consequent disturbance in the function of the joint, he 
publicized to his fellow otolaryngologists an impor- 
tant diagnostic advance: to look beyond the sinuses 
for a source of head pain. (Costen’s son [William S. 
Costen, MD, an orthopedic surgeon] recalls his father 
laying out charts in his study at home when he began 
collecting data on the TMJ and on pain fibers in the 


chorda tympani. In 1957 William noted a description 
of the possible anatomic basis for referred pain in 
Hilton’s On Rest and Pain! [1879] and brought it to 
his father's attention. Subsequently, his father wrote 
a monograph giving Hilton credit for describing the 
anatomic basis for pain referral.) It is interesting to 
follow the history of the eponym Costen's syndrome 
over the past 60 years and to know something of the 
man it honors. 


James (“Jimmy”) B. Costen (see Figure) was born 
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James B. Costen in 1961. 


unii. cundi MMCdMMda amRMM CVM ML LE IM MMC NE 
From the Department of Otolaryngology, University of Texas Southwestern Medical Center at Dallas and Baylor University Medical Center, Dallas, 


Texas. 


CORRESPONDENCE — Ludwig A. Michael, MD, Texas Medical and Surgical Associates, 8440 Walnut Hill Lane, #500, Dallas, TX 75231. 


820 






— REF] / OE I 


M À — -——M—— -  — 


Michael, Costen's Syndrome 82] 


in Tennessee in 1895, the younger of two sons. His 
father worked for Bell Telephone Company in pro- 
moting telephone service in small communities. Once 
service was established, he moved on. In 1900 the 
family, consisting of Jimmy, his parents, and an older 
brother, moved to Paragould, Arkansas, where Jimmy 
grew up, and which he always considered home. At 
one time his father was asked to move to Tulsa, 
Oklahoma, but after witnessing a gunfight in the 
street outside his hotel, he decided that this was not 
the place to bring up his two sons and returned to 
Arkansas. 


While he was in high school, Jimmy was appren- 
ticed to a local physician who taught him to give open 
drop anesthesia for office procedures and dressing 
changes. After high school, he went to Virginia Mili- 
tary Institute, but returned to Arkansas 1 year later 
when his father became ill. He then attended the 
University of Arkansas, graduating from the Depart- 
ment of Chemistry. His older brother was a student at 
Vanderbilt Medical School, and Jimmy, also inter- 
ested in medicine, decided to go to Washington Uni- 
versity in St Louis, Missouri, which was affiliated 
with St Louis Medical College. When classes began 
in September 1917, World War I was under way and 
Barnes Hospital Unit 21 wąs being organized to go to 
France. The dean of the medical school informed the 
students that if they volunteered and left their class 
they would not be readmitted on their return. How- 
ever, Dr Robert Terry, Professor of Anatomy, an- 
nounced before a lecture thàt he would personally see 
to it that any volunteer would be readmitted on his 
return. Jimmy later told his son William that army life 
“saved his life." He weighed 114 lb (51 kg) when he 
left, but returned to medical school at 150 Ib (66 kg). 
He ascribed this gain to army food and regular exer- 
cise. After completing médical school he went to 
Vienna to study at the world-famous Krankenhaus 
and then to Basel, Switzerland, where he concen- 
trated on the mastoid bone and its dissection. On his 
return to St Louis, he married Carolyn Thompson, 
also from Paragould. They had one son and three 
daughters. After about 1 year practicing with another 
otolaryngologist, he moved to the Beaumont Build- 
ing in midtown St Louis, and remained there in solo 
practice throughout his career. 


Almost as soon as the term Costen's syndrome 
came into general use, questions as to its validity 
began to surface. Over the years, various authors 
have disagreed with the idea that this sweeping pa- 


noply of symptoms could be attributable to such a 


simple cause as malocclusion. Sicher," in 1948, 
wrote that Costen's syndrome should be replaced by 
the diagnosis “temporomandibular deforming arthri- 


tis from mandibular overclosure or displacement.” 
He rejected Costen’s anatomic explanations for the 
pain in this symptom complex, but seemed to accept 
the grouping of symptoms. As early as 1943, Shapiro 
and Truex!? were doubtful that TMJ problems could 
be responsible for deafness, except for possible eu- 
stachian tube impingement, and even this was con- 
sidered unlikely. Questions were also raised about 
tinnitus, vertigo, neuralgias similar to trigeminal, and 
headaches as being of TMJ dysfunction origin. On 
the other hand, writers defending the use of Costen’s 
syndrome as a diagnosis suggested that not all the 
symptoms listed in Costen’s original work were 
required to be present to make the diagnosis.!? In 
more than one study, tinnitus and vertigo were found 
to be statistically more frequent in TMJ disorder 
patients than in normal controls.” 


Of a group of dentists and physicians;?! both gen- 
eral and specialized, surveyed as to whether a group 
of symptoms (namely, TMJ pain, cracking or pop- 
ping TMJs, and limitation of mandibular movement) 
constituted a distinct clinical syndrome, 8896 of the 
dentists responded positively, while only 51% of the 
physicians did so. Asked about causation, those sur- 
veyed frequently cited both "bite problems" and 
"Costen's syndrome." In the details of this survey, 
confusion about TMJ pain dysfunction is apparent, 
both as to diagnosis and therapy.? 


Even after "Costen's" syndrome became a widely 
used term, the QCIM continued listing it under ^TMJ 
syndrome." By 1966, however, it was listed as a 
separate entry. In 1969, there were 59 entries in the 
category "Costen's syndrome," and “TMJ syndrome" 
was listed under “Costen’s syndrome." However, 
just 4 years later, "Costen's syndrome" was back 
under “TMJ syndrome.” 


This rise and subsequent fall in the use of the term 
Costen’s syndrome to classify all TMJ syndrome 
references can be attributed to several factors. Al- 
though universally acclaimed for bringing the sig- 
nificant role of the TMJ into the realm of awareness 
of physicians and dentists alike, Costen was judged 
by many to have been naive in his espousal of the 
range of symptoms arising from TMJ disorders, in 
his anatomic explanations, and especially in his view 
of the pivotal role of malocclusion. Some authors 
recommended that the term Costen’s syndrome be 
dropped, as it was too inclusive, and replaced with 
“osteoarthritis of the temporomandibular joint.” Oth- 
ers began using “myofascial pain,” by definition a 
muscular pain in numerous body regions produced 
by pressure on trigger points, with TMJ syndrome 
being the prime example. Proponents viewed the 
TMJ syndrome as a cascade of events, from psycho- 
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logic stress to clenching and bruxism, resulting in 
occlusal problems, spasm, and pain.?3 “Myofascial 
pain syndrome” has gradually become the more popu- 
lar diagnosis. Nowadays, it is more acceptable in 
medical diagnosis to include the etiologic effects of 
tension and anxiety. Nevertheless, many cases of 
TMJ disorders have continued to be reported as 
“Costen’s syndrome,” even in recent times. 


The etiology and treatment offered by Costen were 
not always correct, yet the term Costen’s syndrome 
may still be useful, perhaps with a new, more inclu- 
sive etiology.!? Costen rendered a great service in 
pointing out the relationship between malocclusion, 
TMJ dysfunction, and facial pain. Otolaryngology 
owes a debt to Costen for bringing out these points.”4 
References to his work continue appearing in the 


literature, and he is still cited with some frequency in 
the Science Citation Index. 


James B. Costen died in 1962. His son remembers 
that for 10 years after his death not a week would go 
by without someone's mentioning him with fond- 
ness. Although with the years these remembrances 
have diminished to one or two a month, even now, 
more than 30 years after his death, some of his old 
patients remember nostalgically that he worked on 
Saturdays until 5 PM. For those of us who came in 
contact with him during our residencies at Washing- 
ton University-Barnes Hospital, his memory is a 
pleasant one. He gave of himselfunstintingly. He was 
always cheerful, came to the teaching clinics regu- 


‘larly, and never dashed out early. Listening to him 


and learning from him are memories that we treasure. 
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Since 1992, we have applied a standard questionnaire to all our Meniere's syndrome patients. We ask about other family members 
affected by the symptoms and about the presence of the usual migraine symptoms. Through this questionnaire we have identified a family 
that has some members affected by Meniere’ s syndrome alone, some others with associated migraine, and still others with migraine alone. 
Two members of this family started out with migraine and later in life developed Meniere's syndrome. The genetic transmission follows 
an autosomal dominant pattem for both Meniere's syndrome and migraine. We have interviewed and studied 19 affected persons from 
several generations of this family, who form the basis of this report. The possibility of a common autosomal dominant genetic determinant 
for Meniere's syndrome and migraine and its implications for the causation of Meniere's disease are discussed. 


KEY WORDS — central etiology, genetic determinant, Meniere's syndrome, migraine. 


The familial incidence of Meniere’s syndrome was 
described by Brown in 1941! and 1949.2 Bernstein,’ in 
1965, also described affected families. The genetic 
transmission in all families studied was autosomal 
dominant. However, there were 3 affected siblings who 
were products of a consanguineous marriage in one of 
the families described by Brown.? These reports were 
summarized by Konigsmark and Gorlin,* who accepted 
the existence of two mechanisms of genetic transmis- 
sion for Meniere's syndrome: autosomal dominant and 
autosomal recessive. They also stated that the heredi- 
tary syndrome is different from the idiopathic one 
(Meniere's disease). 


Paroxysmal headaches have been associated with 
both hereditary! and idiopathic Meniere’s syndrome? 
or Meniere's disease. However, these headaches were 
never documented as true migraine. Since migraine has 
astrong familial incidence and is believed to be caused 
by microvascular changes in the central nervous system 
(central causation), it is important to know whether the 
headaches associated with Meniere' s syndrome are true 
migraine or not. 


In 1992, Oliveira and Braga described another fam- 
ily with Meniere's syndrome transmitted in an autoso- 
mal dominant pattern. Again, "migraine-like" head- 
aches were present in several affected members of this 
family. The index patient had an endolymphatic sac 
drainage procedure done on the affected ear; his vertigi- 
nous symptoms improved markedly and hearing re- 
mained stable for a long time in the operated ear. 
Becauseofthisexcellentresponsetothe endolymphatic 


sac drainage procedure, Oliveira and Braga stated that 
there seemed to be no difference between idiopathic 
(Meniere’ s disease) and hereditary Meniere' s syndrome. 
They also speculated that a sporadic genetic determi- 
nant may be the cause of idiopathic Meniere’s syn- 
drome (Meniere’s disease). 


In order to test the possibility ofa genetic determinant 
in idiopathic Meniere's syndrome (Meniere’s disease), 
as well as a possible association between migraine and 
Meniere’s syndrome, we have applied a standard ques- 
tionnaire to all patients with this syndrome seen at the 
Department of Otolaryngology of Brasília University 
Medical School since 1992. Questions about the pres- 
ence of the syndrome in other members of the family, as 
well as regarding the incidence of the common mi- 
graine symptoms in all members affected, were in- 
cluded. We have found that when asked to do so, the 
Meniere’s syndrome patients frequently report on other 
family members affected by the symptoms. The high 
incidence of true migraine associated with Meniere’s 
syndrome also is becoming apparent. We intend to 
report the numbers on these questions separately. 


In this communication we describe a family that was 
identified through the standard questionnaire described 
above. Typical Meniere’s syndrome is present in some 
members, migraine associated with Meniere’s syn- 
drome in others, and migraine symptoms alone in still 
others. Of interest, 2 members of this family started out 
early in life with migraine symptoms only, and devel- 
oped Meniere’s syndrome later in life. The mode of 
genetic transmission for both Meniere’s syndrome and 
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migraine is autosomal dominant. 


The intimate association between migraine and 
Meniere's syndrome in this family points to a common 
autosomal dominant genetic determinant. The evolu- 
tion of migraine symptoms early in life to Meniere's 
syndrome later in 2 patients suggests a continuum 
disease process. The implications of these findings will 
be discussed. 


DESCRIPTION OF THE FAMILY 


Figure 1 shows the pedigree of this family for several 
generations. It was obtained by carefully interviewing 
the index patient and all 18 of the other affected mem- 
bers. The autosomal dominant mode of genetic trans- 
mission is borne out by the pedigree. 


The Table summarizes the data obtained by the 
application of our standard questionnaire to all affected 
members of the family. A complete otolaryngological 
physical examination was performed on all of them and 
the results were uniformly negative. Laboratory tests 
(blood urea nitrogen, blood sugar, serum creatinine, 
complete blood count, cholesterol, and triglycerides) 
were performed on 7 of them, audiometry with speech 
discrimination tests was performed on 10 of them, 
tympanometry was performed on 9, and electronys- 
tagmography (ENG) was performed on 10. The results 
of all these tests are included in the Table. Speech 
discrimination results are omitted because they were all 
normal. 


The numbers in Fig 1 indicate each affected patient 
in the Table. Because the symptoms were bilateral in all 
patients, with occasional predominance of one side in a 
few patients, laterality was omitted from the Table. 


Fromthe Table we can see that headache was present 
in 17 of the 19 patients (95%), and associated migraine 
symptoms in 11 (58%). Scotomas were present in 12 


Fig 1. Pedigree. Light circle — 
nonaffected female; light square 
——nonaffected male; dark circle — 
affected female; dark square — 
affected male; arrow — index pa- 
tient; crossed circle — deceased 
female; crossed square — deceased 
male. Numbers indicate position of 
affected memberin Table. Affected 
members without numbers were 
not available for documentation, 
andtherefore are notlisted in Table. 


(6396), and several degrees of anopsia during the crisis 
in 6 (31%). Paresthesias during the crisis were present 
in 4 (2196). Three patients (16%) had scotomas without 
headache, 2 patients (10%) had anopsia without head- 
ache, and 2 others (10%) had paresthesias alone associ- 
ated with the Meniere's symptoms. Tinnitus, hearing 
loss, and vertigo (Meniere's triad) were present in 12 
patients (63%), and in another 3 cases (16%) only 
tinnitus and vertigo were present. In 2 patients (patients 
5 and 7) only migraine symptoms were present. Finally, 
in 2 patients (patients 4 and 12) the migraine symptoms 
were present early in life, but later disappeared, and the 
typical Meniere's syndrome started. These 2 patients 
will be described in Case Reports, along with the index 
patient. 


Laboratory test results were normal on the 7 patients 
in whom they were performed. Audiometry showed 
bilateral moderate sensorineural hearing loss with a 
down-sloping curve in 5 cases. Three cases showed 
sensorineural hearing losses in the lower frequencies, 
and 2 were bilateral. One case showed sensorineural 
hearing loss with a flat curve in the left ear, and another 
case showed mixed moderate hearing loss with a flat 
curve, worse on the left. Tympanometric results were 
all normal. Results of ENG were normal in 3 patients. 
Four patients showed a hyperactive labyrinth on one 
side, and 3 showed a hyperactive labyrinth on both 
sides. 

CASE REPORTS 


The index patient (patient 9 on Table) and 2 other 
patients (patients 4 and 12) who first had migraine 
symptoms and later developed Meniere’s syndrome are 
described in this section. 


The index patient (patient 9) was a 58-year-old man. 
When first seen by the senior author (C.A.O.), he 
complained of bilateral tinnitus, worse in the left ear, 
vertigo with nausea and vomiting, hearing loss in both 
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SUMMARY OF CLINICAL, LABORATORY, AUDIOMETRIC, AND ELECTRONYSTAGMOGRAPHIC FINDINGS IN 19 AFFECTED 
MEMBERS OF FAMILY STUDIED 
Hearing 
Patient Age Sex Tinnitus Loss Vertigo Headache Vomiting Nausea — Scotomas 
1 22 M + + + - * * - 
2 41 F + + + +* + + + 
3 50 M + + + +* + + + 
4 46 F + + + +* + + + 
5 17 M - - - +* + + + 
6 41 F + + + + + + + 
7 19 F -— i = +* + + + 
8 56 F + - + + - + + 
9 58 M + + + +* + + + 
10 15 F + — + +* + + + 
11 TI M + + + ~ + + - 
12 51 M * + + +* -— — t 
13 7i F * * * * * * - 
14 49 F ~ — - +* - ~ — 
15 47 F + + + + = = = 
16 80 F + i + + E Es E 
17 59 F + + + +* _ + + 
18 75 M + + + + + + + 
19 45 M - - - +* ~ - - 


ENG — electronystagmography, N — normal, SNHL — sensorineural hearing loss, ND — not done, MS — Meniere’s syndrome, HL — 


hyperactive labyrinth. 
*Headache was described by patient as typical migraine. 


ears, but worse in the left, and pressure sensation in both 
ears, again worse on the left side. He had a long history 
of migrainelike headaches and scotomas preceding the 
vertiginous attacks described above. The symptoms 
tended to occur when he was stressed or overworked. 
He was a dentist and had been exposed to the noise of 
a high-speed hand drill for many years. Findings on 
physical examination were normal. Audiometry showed 
a bilateral sensorineural hearing loss that was moderate 
and down-sloping (Fig 2A). A presumptive diagnosis 
of Meniere’s disease was made and the patient was 


medicated accordingly. He improved considerably. 
Eight years later he returned with the same complaints. 
He had been free of symptoms for the last 2 years. One 
month before he was seen, he again experienced a 
strong migraine crisis that was followed by Mentere’s 
syndrome. Audiometry done during this visit showed 
the high-frequency sensorineural hearing loss seen 
before, but this time also a low-frequency sensorineural 
hearing loss, bilateral and worse in the left ear (Fig 2B). 
This time he was questioned about the presence of the 
symptoms in other members of his family, because we 
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TABLE CONTINUED 
Age (y) 
at Which Time Sequence 
Pares- Symptoms of Headache 
Patient Anopsia  thesia Appeared and Vertigo 
1 + - 30 
2 * ~ 10 Headache precedes 
vertigo 
3 — — 10 Variable 
4 ~ + 13 Migraine only for 
migraine, 17 years, MS only 
30 MS afterward 
5 + - 15 
6 ~ + 14 Headache precedes 
vertigo 
7 -— ~ 10 
8 + + 9 Headache and 
scotomas precede 
vertigo 
9 ~ ~ 39 Headache precedes 
vertigo 
10 - 7 7 Headache precedes 
vertigo 
11 -— ~ 18 
12 + - 17 Migraine only for 
migraine, 8 years, then MS 
25 MS only 
13 _ - 30 Variable 
14 - -— 20 
15 - - 35 Variable 
16 - _ 21 Variable 
17 + + 43 Variable 
18 -— - 15 Headache precedes 
vertigo 
19 - -— 20 


Blood Tympa- 
Tests Audiometry nometry ENG 

N SNHL, bilateral, N ND 
down-sloping 

ND ND ND ND 

ND ND ND ND 

N Mild SNHL, bi- N N 
lateral, 500 and 
1,000 Hz 

ND Mild SNHL, bi- ND N 
lateral, 500 and 
1,000 Hz 

N Bilateral moderate N HL left 
SNHL, down- side 
‘sloping 

ND ND N N 

N Mild SNHL, 500 N HL left 
and 1,000 Hz, side 
right 

N Bilateral moderate N HL left 
SNHL, down- side 
sloping 

ND ND ND ND 

ND Bilateral moderate N HL left 
SNHL, down- side 
sloping 

ND Bilateral moderate N HL 
SNHL, down- bilateral 
sloping 

N Bilateral mixed ND HL 
hearing loss, worse bilateral 
on left 

ND ND ND ND 

N Mild SNHL, N HL 
left bilateral 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 


ENG — electronystagmography, N — normal, SNHL ~— sensorineural hearing loss, ND — not done, MS — Meniere’s syndrome, HL — 


hyperactive labyrinth. 
*Headache was described by patient as typical migraine. 


were asking these questions of all our Meniere's syn- 
drome patients. Numerous members of his family turned 
out to have the symptoms, were individually studied, 
and are being reported in this communication. One 
should note that even though this patient was well 
educated, he did not mention the presence of the symp- 
toms in other members of his family until he was 
directly questioned. The workup outlined in the Table 
was then applied to him, and a diagnosis of hereditary 
Meniere's syndrome was established based on history, 
audiometric results, ENG results (bilateral hyperactive 


Jabyrinth worse on the left), and negative laboratory 
tests. A glycerol test was also performed, and fluctua- 
tion of his hearing in the low frequencies was demon- 
strated between the first and second hours after glycerol 
intake. 


Patient 4 was a 46-year-old woman. She was a 
younger sister of the index patient. She started having 
migraine-like headaches, scotomas, and paresthesias 
when she was 13 years old. When she was 30 years old, 
she began to have bilateral tinnitus, vertigo, and nausea 
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associated with the migraine symptoms, which became 
milder. Herphysical examination findings were normal 
and the results of her workup are summarized in the 


Table. There was a mild bilateral sensorineural hearing 


loss at 500 and 1,000 Hz. Results of ENG were normal. 


Patient 12 was a 51-year-old man who was a first- 
degree cousin of the index patient. When he was 17 
years old, he started having migraine symptoms (head- 
ache, scotomas, hemianopsia). When he was 25 years 
old, he had bilateral tinnitus, hearing loss, and vertigo 
associated with the migraine symptoms for the first 
time. Since then, he has had Meniere's syndrome 
attacks associated with moderate migraine episodes. 
His workupis summarizedinthe Table. He had bilateral 
moderate sensorineural hearing loss in the high fre- 
quencies, associated with a mild sensorineural hearing 
loss in the lower frequencies in his left ear (Fig 2C). The 
ENG results showed bilateral hyperactive labyrinths. 


DISCUSSION 
Meniere’s syndrome is a clinical diagnosis based on 
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Fig 2. Audiograms. A) (Patient 9) Index patient on first visit to 
senior author (C.A.O.). High-frequency sensorineural hearing 
loss is probably due to acoustic trauma (high-speed drill). B) 
(Patient 9) Index patient on second visit to senior author. Low- 
frequency sensorineural hearing loss, worse in left ear, is now 
present. C) (Patient-12) Mild sensorineural hearing loss is present 
in left ear compared to right at 250 Hz. High-frequency moderate 
sensorineural hearing loss is bilateral. 





the presence of the classic Meniere’s triad. This triad 
was present in 12 of the 19 patients (63%) studied in this 
family. Findings on ENG were compatible with the 
clinical diagnosis in 7 of the 10 patients who were tested 
(hyperactive labyrinth unilaterally or bilaterally), Audi- 
ometry showed high-frequency sensorineural hearing 
loss in the index patient and several other members of 
the family. This is probably due to associated presbycusis 
and acoustic trauma (high-speed drill used by the index 
patient). In 3 cases, low-frequency sensorineural hear- 
ing losses were demonstrated, and they are compatible 
with the diagnosis of Meniere’s syndrome. Since most 
audiometric tests were performed when the patients 
were asymptomatic, the low incidence of low-fre- 
quency sensorineural hearing loss is acceptable. The 
glycerol test was positive in the index patient and further 
contributes to documenting the diagnosis of Meniere's 
syndrome. Ideally, all the patients should have had the 
glycerol test and electrocochleography in order to es- 
tablish the diagnosis of Meniere’s syndrome defini- 
tively. However, these patients were asked to partici- 
pate in the study, and many of them would not consent 
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to an invasive procedure (electrocochleography) or 
would not take the time for a long glycerol test to be 
performed. We do believe, however, that it is reason- 
able to accept the diagnosis of Meniere's syndrome on 
the basis of the workup performed. The laboratory test 
findings were all normal, and these results contribute to 
ruling out metabolic causes for the symptoms. 


Figure 1 shows the pedigree of this family. This 
Figure makes clear the autosomal dominant pattern of 
genetic transmission for both the Meniere's syndrome 
and the migraine symptoms. As in the families de- 
scribed before,1-9 most cases are bilateral, with some 
patients having worse symptoms on one side. The high 
incidence of headache associated with Meniere's syn- 
drome has been noted before, 756 but never before has 
this headache been clearly characterized as migrainous. 
We specifically sought this characterization with our 
standard questionnaire. There were scotomas associ- 
ated with headache in 12 of 19 cases (63%), and several 
degrees of anopsia in 6 of 19 cases (31%). Paresthesias 
were present in 4 of 19 patients (21%). The character- 
istics of the headache described by the patients were 
also compatible with migraine. It is therefore reason- 
able to accept that this family has Meniere's syndrome 
and migraine transmitted as autosomal dominant traits. 


Two patients (patients 5 and 7) had migraine symp- 
toms only. Two patients (14 and 19) had headache that 
was clinically categorized as migraine without other 
migraine symptoms. Two others started out early in life 
with migraine symptoms and laterdeveloped Meniere's 
syndrome (patients 4 and 12). They were described in 
detail to demonstrate the evolution of migraine (of 
central origin) to Meniere's syndrome (peripheral ori- 
gin). The presence of both migraine and Meniere's 
syndrome in all but 4 patients, as well as the progress of 
migraine to Meniere's syndrome in 2 patients, strongly 
suggests a common autosomal dominant genetic deter- 
minant for both conditions in this family. 


While the association of Meniere's syndrome and 
migraine is clearly established in this large family, the 
pathophysiologic mechanism for this association is 
unclear at this time. However, the following hypothesis 
deserves further investigation. 


Some authors have postulated a central cause for 
idiopathic Meniere's syndrome (Meniere's dis- 
ease)?7? An initial vascular change in the central 
nervous system would cause migraine initially and later 
affect the microcirculation of the inner ear by means of 
theautonomic nervous system. In this way, the innerear 
fluid balance would be disturbed, provoking endolym- 
phatic hydrops and the peripheral symptoms (Meniere's 
syndrome). The occurrence in this family of migraine 
that was associated with vascular dysfunction in the 


centra] nervous system and Meniere's syndrome with a 
common autosomal dominant genetic determinant cer- 
tainly favors this line of thinking. In 2 patients (patients 
4 and 12), migraine was present for some years before 
the Meniere’s syndrome manifested itself. A continu- 
um process from migraine (central cause) to Meniere's 
syndrome (peripheral cause) is certainly suggested by 
these cases. 


If, as Oliveira and Braga suggested in 1992, idio- 
pathic Meniere's syndrome (Meniere's disease) is no 
different from its hereditary counterpart and has a 
sporadic genetic determinant, then the above outlined 
reasoning also applies to Meniere's disease. The final 
answer to this question will be found at the molecular 
genetics level, 


Recently, Gottslich et all? found that 22% of patients 
with bilateral rapidly progressive sensorineural hearing 
loss and 30% of Meniere's disease patients had antibod- 
ies that reacted with a 68 kd antigen present in bovine 
inner ear material. Billings et al!! have provided evi- 
dence linking this 68 kd antigen to heat shock protein 70 
(HSP 70). Harrison et al? demonstrated that functional 
genes encoding HSP 70 map to human chromosomes 6, 
14 (HSPA 2; 140560), and 21 (HSPA 3; 140570) and at 
least one other chromosome. Sargent et al!3 demon- 
strated a duplicated HSP 70 locus between the comple- 
ment and tumor necrosis factor genes within the human 
major histocompatibility complex 12 kilobase apart 
from each other and 92 kilobase telomeric of C2 gene. 
On chromosome 14 the localization was 14q22-q24. 
Both these regions contained fragile sites. Considering 
the presence of antibodies that react with HSP 70 
antigen in the sera of patients with rapidly progressive 
(autoimmune) sensorineural hearing loss and Meniere' s 
disease, and the fact that HSP 70-encoding genes are 
found in the region of the human major histocompati- 
bility complex, the possibility that Meniere's disease is 
an autoimmune genetically determined disease cer- 
tainly must be investigated. Furthermore, HSP 70 loci 
would be good candidates to harbor abnormalities that 
lead to Meniere's disease. 


CONCLUSIONS 


1. There is a clear association between migraine and 
Meniere’s syndrome in the family we described. Fur- 
thermore, both appear to be transmitted by a common 
autosomal dominant genetic determinant. How the 
migraine (central) symptoms are related to Meniere’s 
syndrome (peripheral) ts not known at the present time. 


2. It is important to determine how often migraine is 
associated with idiopathic Meniere’s syndrome (Me- 
niere' s disease) as well. If the headache associated with 
Meniere's disease? is indeed migraine, then a sporadic 
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genetic determinant is likely to be present in this dis- 
ease. This can be easily accomplished by asking appro- 


priate questions of all Meniere's disease patients. Most 
of them will not give this information spontaneously. 
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One hundred ninety-seven patients who underwent surgical repair for a presumed unilateral perilymphatic fistula were re- 
viewed. Of those patients, 87% with vestibular symptoms reported complete or near-complete relief of their symptoms. Forty 
percent of the patients with sudden hearing loss had an improvement in their hearing levels. An analysis of several diagnostic tests 
revealed their sensitivity and specificity ratings. A review of the patients’ operative records showed a marked disparity between the 
visual identification of an actual fluid leak during surgery and their postoperative outcome. This review supports the premise that at 
the present time, the patient's surgical outcome is the best way of documenting a successfully repaired perilymphatic fistula. 


KEY WORDS — diagnostic tests, ear surgery, ear trauma, perilymphatic fistula. 


INTRODUCTION 


Perilymphatic fistulas (PLFs) are abnormal con- 
nections between the perilymphatic fluid spaces of 
the inner ear and another space, most commonly the 
middle ear. These PLFs are usually either tears in 
the ligamentous attachments of the stapedial foot- 
plate to the bone of the oval window (OW) or in the 
round window (RW) membrane. Other abnormal 
connections have been identified, but are much less 
commonly reported.!2 The causes of a PLF are mul- 
tiple, including stapedectomy,?+ head or ear trau- 
ma,57 diving,® flying? surgery for chronic otitis me- 
dia,!? Valsalva-like exertion,^!! general anesthe- 
sia,^.1? acoustic trauma,!? and congenital PLF.^.14-18 


The diagnostic tests for establishing a PLF were 
first well outlined and evaluated by Singleton et al!’ 
in 1978. Their suspicion of a PLF was raised by a 
history of trauma or exertion with associated hear- 
ing loss or positional vertigo. The presence of a mild, 
nonfatiguing positional nystagmus with the affected 
ear undermost was closely correlated with a PLF. A 
positive "objective" fistula test — eye deviation pro- 
duced by positive and negative pressure applied to 
the ear — was often not present. When present, it 
strongly implied the presence of a PLF. In time, tests 
other than the audiometric examination and electro- 
nystagmography (ENG) became available to aid in 
diagnosing a PLF: the ENG fistula test,” the plat- 
form fistula test (PFT),?! and electrocochleography 
(ECochG).22-24 Although a treatment of initial bed 
rest and then surgical repair of the RW and OW if 
symptoms persist has been relatively well accepted, 
firm guidelines for the diagnosis of this disorder have 


been elusive. 


This review outlines experience with PLF patients 
that has evolved over the past 9 years. Much remained 
the same over this period, but just as much changed. 
Indications for this relatively simple operation have 
been enlarged as experiences with certain “outlying” 
patients proved that too strict a set of indications was 
causing patients to be sent home with treatable prob- 
lems. Some tests were dropped, while others were 
added. This proved somewhat of a problem in an anal- 
ysis of their specificity and sensitivity, since not all 
patients had all tests. Sometimes, injuries prevented 
certain tests, as did financial limitations. Nonethe- 
less, though, we gained certain insights through lis- 
tening to the patients’ problems, treating these pa- 
tients, and evaluating the outcome of that treatment. 


SUBJECTS 


À retrospective review was made of 197 patients, 
seen between August 1982 and June 1991, who un- 
derwent a unilateral PLF repair. During this period, 
22 bilateral cases were treated. Additionally, 47 pa- 
tients had a history compatible with typical Meniere's 
disease as well as a positive fistula test (subjective 
fistula test [SFT] and/or PFT) or abnormal ECochG 
results; none of these will be reported here. Subjects 
ranged in age from 4 to 75 years. The duration of 
symptoms prior to surgery ranged from 1 day to 40 
years, with a median duration of 3.1 years. Of the 
197 unilateral cases, 74 (3896) had direct head or ear 
trauma, 27 (14%) had barotrauma, 26 (13%) had an 
event of increased intracranial pressure (ICP), and 
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TABLE 1. CHIEF COMPLAINT 
Patients (n = 197) 


Chief Complaint* No. 9b 
Sudden hearing loss 48 24. 
Vertigo or balance disturbance 171 87 
Fluctuating hearing 22 li 
Tinnitus 50 25 
Aural fullness 41 21 


*Patients may have presented with more than one chief complaint. 


70 (36%) had an undetermined event (patient was 
unable to remember any specific event or incident 
prior to onset of symptoms). 


METHODS 


Patients’ symptoms were assessed and categorized 
by the following chief complaints: 


1. Sudden hearing loss (SHL) — A change of hear- 
ing of at least 30 dB sensorineural loss in-3 con- 
tiguous test frequencies within 3 days. Usually, 
the patient presents to the physician with a clear 
understanding that something has happened to the 
ear, and pre-event audiograms are rarely avail- 
able for comparison. 


2. Fluctuating hearing loss (FHL) — A condition 
similar to SHL, but audiograms show recurrent 
recovery and loss patterns on successive tests. 
This can be evident in both pure tone and speech 
audiometry. The patient also notices a fluctua- 
tion in hearing levels. 


3. Balance disturbance — Motion intolerance and 
disturbance when ambulating. 


4. Vertigo — Any disturbance in spatial orientation 
resulting in the illusion of movement. These pa- 
tients also may have noted a balance disturbance 
or motion intolerance. . 


5. Tinnitus — The perception of sound in the ab- 
sence of an external stimulus. 


6. Meniere's disease symptom complex — The com- 
bination of unexplained episodic vertigo, fluctu- 
ating hearing, tinnitus, and aural fullness. 


A combination of vertigo and balance disturbance 
(87%) was the most commonly cited chief complaint, 
followed by tinnitus (25%) and SHL (24%; Table 
1). 


Indications For Surgery. Patients presenting with 
vestibular symptoms, SHL, FHL, or progressive 
hearing loss were all suspects for a PLF. A detailed 
questionnaire was obtained on all patients present- 
ing with vestibular symptoms. An extensive history 


of the present illness was taken, with particular em- 
phasis on the circumstances surrounding the 24 hours 
preceding the onset of the initial symptoms (vestib- 
ular and auditory) and the progression of these symp- 
toms. Care was taken to ask for events that exacerbate 
the symptoms, such as diving, air travel, physical 
straining, trauma, motion, etc. 


An office examination was routinely administered, 
including an SFT performed as follows: the patient 
was seated in a chair and a Bruening pneumatic oto- 
scope (Storz-Bruening, Storz Instrument Co, St Lou- 
is, Mo) was placed into the ear canal with an airtight 
seal. The patient was asked to stare at an object on 
the opposite wall. Erratic increases and decreases in 
the external canal pressure were applied 6 to 10 times 
in each ear, never exceeding 120 mm Hg, and the 
response to the question, "Does that bother you?" 
was noted. À positive test was recorded if the pa- 
tient reported the object on the wall moving, a sen- 
sation of himself or herself moving, or nausea. À 
response of pain, pressure, or increased tinnitus was 
recorded as negative, as was a report of no sensation 
at all. A tandem Romberg test was routinely per- 
formed, with special attention to the side to which 
the patient fell when the eyes were shut. 


All patients suspected of having a PLF had air- 
bone and speech audiometry, with tympanometry if 
possible. Most patients also had standard ENG. Some 
had an ENG fistula test. When the ECochG became 
available in our testing facility in 1985, this became 
a standard preoperative test, as did platform postur- 
ography with the PFT when it became available. 
These platform tests were performed in a freestand- 
ing vestibular laboratory. The testing was performed 
on Neurocom Equitest A100100. equipment (Neu- 
rocom International, Clackamas, Ore). Software for 
sensory and motor tests was Equitest 4.03; PFT soft- 
ware was Neurocom Pressure Test V1.12. 


The patient was asked to stand on the force-plates 
with eyes closed. The sway reference gain was set at 
1.00. Ten trials of 0 pressure, —300 decapascals (dPa), 
and 4300 dPa were conducted with the nonsuspect 
ear tested first. Pressure was applied through a her- 
metically sealed ear tip at a rate of 450 dPa/s. Once 
the selected pressure was achieved, it was immedi- 
ately released. 


The largest sway amplitude during 0 pressure for 
anteroposterior and lateral sway was selected, and 
its own standard deviation was added. The largest 
amplitude during the positive and negative pressure 
tests was chosen, and its own standard deviation was 
subtracted. If the number from the positive or nega- 
tive test was greater than the control number, the re- 
sponse was scored as positive, since it was greater 


832 Fitzgerald et al, Perilymphatic Fistula 


by more than two standard deviations. Rotational 
chair testing was rarely used. Computed tomogra- 
phy (CT) scans of the temporal bones were ordered 
primarily in children and teenagers when a congeni- 
tal malformation was suspected because of clinical 
setting or history. Gadolinium magnetic resonance 
imaging (MRI) of the head became part of the work- 
up in July 1988 and, on occasion, showed interest- 
ing enhancement of the inner ear.2> The only post- 
operative test performed on every patient was audi- 
ometry, but many had postoperative SFTs, especially 
in the later years of the study. 


As would be expected, such problems as tympanic 
membrane perforations, trauma, and infections, along 
with financial limitations, precluded some patients 
from having all diagnostic tests. In the postopera- 
tive period, many tests were repeated if the patients’ 
symptoms persisted or recurred. 


Following the history, physical examination, and 
diagnostic tests, the etiology, pathology, and natural 
history of PLFs were described to the patient, as well 
as the surgical risks, possible complications, and al- 
ternative treatments for PLF. Medical literature on 
the subject was commonly given to the patient to be 
read at home. In general, the criteria used in advis- 
ing a patient to have surgery were as follows: 1) 
trauma (head, whiplash, barometric, increased ICP) 
resulting in a persistent vestibular disturbance and/ 
or a nonimproving sudden hearing loss and 2) pres- 
ence of auditory or vestibular complaints with a posi- 
tive fistula test (SFT or PFT). Finally, the patient 
made the decision to have the surgery. 


Surgical Procedure. In the absence of medical and 
psychological contraindications, surgery was per- 
formed under general anesthesia, with special atten- 
tion given to ensuring an atraumatic emergence from 
the anesthesia. Operations were performed transca- 
nal, unless an endolymphatic shunt was to be done 
at the same time, in which case the middle ear was 
approached through the postauricular incision. The 
initial approach, upon first entering the middle ear, 
was to spend considerable time inspecting the RW 
and OW niches. With time and experience, however, 
it was found that leaks could not be identified until 
after the lysing of mucosal adhesions and scar tis- 
sue. Only twice were “blebs” of fluid seen in a sub- 
mucosal plane anterior to the OW niche. No "holes" 
were found in the annular ligament unless the ear 
had sustained direct trauma with dislocation of the 
stapes. In one subject, the footplate (congenitally 
fixed) was found to be cracked following a water- 
skiing accident. No holes or tears in the RW mem- 
brane were ever identified. 


Annular bone removal was done with a curette 


rather than a drill to avoid confusion of the inspec- 
tion process by irrigation procedures. Special meth- 
ods to help increase the identification of perilymph 
leakage were not done. After the inspection process 
was complete, both windows were routinely packed 
regardless of the visual identification of a perilymph 
leak. Tragal perichondrium was used almost exclu- 
sively, unless the postauricular approach was used, 
and then temporalis fascia was used as the graft 
material. Grafts were covered with plain Gelfoam 
for the first 127 patients, but fibrin glue was added 
to the Gelfoam for the last 62 patients. Gelfilm was 
placed under the tympanic membrane to reduce the 
chance of adhesions to the ossicles or tissue grafts, 
and the ear canal was filled with antibiotic ointment. 


The patient was kept in the hospital overnight. 
Upon discharge, he or she was instructed to stay 
home for 3 days and strictly warned not to do any 
lifting or undergo physical exertion. After 3 days, 
patients could go back to school or work, but were 
advised to lift nothing heavier than 10 Ib (4.5 kg), 
and to avoid engaging in any sports. Flying was per- 
mitted after a week. At the 1-month postoperative 
visit, the ear was cleaned, and an audiogram and an 
SFT were performed. Patients were advised to avoid 
contact sports, weight lifting, and diving (water and 
sky). If symptoms persisted, care was extended for 
continued observation, revision surgery, or second- 
ary treatment as explained below. 


Methods of Determining Surgical Outcome. An 
individual having a positive surgical outcome for at 
least one chief complaint was considered to have had 
a PLF. To demonstrate a positive surgical outcome, 
an individual had to exhibit at least one of the fol- 
lowing conditions. 


1. Present with SHL as a chief complaint, and dem- 
onstrate improved postoperative hearing meeting 
the following criteria?9: improvement greater than 
10 dB on pure tone average (500 Hz, 1 kHz, 2 
kHz), and improvement greater than 15% on 
speech discrimination. 


2. Present with a balance disturbance or vertigo as 
a chief complaint and demonstrate a total or near- 
total postoperative improvement in vestibular dis- 
turbance.!? 


Test Results and Sensitivity and Specificity. Re- 
sults of the vestibular and auditory tests are given in 
Table 2. Diagnostic tests were evaluated for their 
sensitivity and specificity according to the follow- 
ing criteria (Table 3). 


Sensitivity was defined as percent positivity in the 
presence of disease. 
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TABLE 2. RESULTS OF VESTIBULAR AND 
AUDITORY TESTS 
No. No. % 
Test Tested Abnormal Abnormal 
Tandem Romberg 162 123 76 
Subjective fistula 185 92 50 
ENG 134 76 57 
Positional tests and/or reduced vestibular response 
ENG fistula 49 10 20 
Turning 19 14 74 
Platform posturography 4] 10 24 
Platform fistula 83 41 49 
Audiogram 197 122 62 
CT scan 44 2 5 


ENG — electronystagmography, CT — computed tomography. 


true positives 


PERSE all sick subjects 
where true positives were the number of patients who 
underwent a PLF repair and had a positive outcome 
according to criteria presented above and had an ab- 
normal test result, and "all sick subjects" were the 
number of patients who underwent a PLF repair and 
had a positive outcome. 


Specificity was defined as percent negativity in 
the absence of disease. 


true negatives 


———————— x 100 
all subjects free of disease 


Specificity = 
where true negatives were the number of patients 
who underwent a PLF repair and had a negative out- 
come and a normal test result, and “all subjects free 
of disease” were the number of patients who under- 
went a PLF repair and had a negative outcome. 


RESULTS 


Only 55 (28%) of the 197 patients who underwent 
a PLF repair had definite fluid leaks noted during 


TABLE 3. DIAGNOSTIC TESTS’ SENSITIVITY 


AND SPECIFICITY 
Sensitivity Specificity 

Test No.* % % 
Tandem Romberg, 162 75 19 
Subjective fistula 185 53 69 
Platform fistula (pressure) 83 51 63 
Platform posturography 

(sensory and motor) 41 61 30 
Abnormal ENG 159 45 38 
ENG fistula 49 18 50 
ECochG 77 21 90 


ENG — electronystagmography, ECochG — electrocochleography. 
*Number of operated patients who underwent these tests preopera- 
tively. 


TABLE 4. LEAK SITE AND SURGICAL OUTCOME 


Oval Window Round Window Both 
No. % No. % No. % 
PLF repairs 32/197 16 18/197 9 5/197 2 
Positive 
surgical 
outcome 29/32 91 18/18 100 3/5 60 
PLF — perilymphatic fistula. 


surgery. Those patients who had leaks noted are cor- 
related to surgical outcome in Table 4. Chief com- 
plaints and causes correlated to leak sites appear in 
Tables 5 and 6. 


Of the 197 unilateral cases operated on for a sus- 
pected PLF, 86% (170/197) demonstrated a positive 
outcome. Symptoms were alleviated by surgery for 
87% (149/171) of those having vertigo or balance 
disturbance as a chief complaint. Of those with a 
chief complaint of SHL, 40% (19/48) demonstrated 
a positive outcome. Those with chief complaints of 
FHL demonstrated positive outcomes of 100% (22/ 
22). The surgical outcome was the same for those 
patients with the causes direct trauma, barotrauma, 
and undetermined cause, but those with increased 
ICP causes had a lower rate of positive results (Table 
7). Follow-up periods for assessing surgical out- 
comes ranged from 2 to 96 months with a median of 
12 months. (See Table 8 for duration of hearing loss 
in SHL patients compared to surgical outcome.) 


Complications included 4 cases (2%) of mild con- 
ductive hearing loss and 5 (3%) of mild sensorineu- 
ral hearing loss. Twenty-six patients had a positive 
postoperative SFT; of those, 88% (23/26) had a posi- 
tive outcome. Of 79 patients with a positive preop- 
erative SFT, 29% (23/79) had a positive postopera- 
tive SFT, and 71% (56/79) had a negative postoper- 
ative SFT. | 


DISCUSSION 


Most important to this discussion is the fact that 
contrary to most reports on PLF, our definition of 
the presence of a proven PLF was based on a posi- 
tive surgical outcome — not on the visual or chemi- 
cal identification of a perilymph leak during surgery. 
This decision was prompted by the fact that only 
28% (55/197) of patients with unilateral problems 


TABLE 5. CHIEF COMPLAINT AND LEAK SITE 


OW RW Both 
No. No. % No % No % 
Sudden HL 48 6 13 7 15 2 4 
Vertigo or BD 171 30 18 14 8 5 3 
Fluctuating HL 22 3 = 14 4 18 O0 OQ 


OW — oval window, RW — round window, HL — hearing loss, 
BD — balance disturbance. 


TABLE 7. SURGICAL OUTCOME 
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TABLE 6. LEAK SITE AND CAUSE 
No. 
With _OW RW  _ Both 
Cause Leak No. % No. % No. % 


Direct head or 18 13 72 4 22 1 6 
ear trauma 
(n = 74) 

Barotrauma 8 4 50 3 38 1 13 
(n z 28) 

Increased ICP 8 5 63 2 25 1 13 
(n = 26) 


OW — oval window, RW — round window, ICP — intracranial pres- 
sure. 


were identified during surgery as having a visible 
perilymph leak, yet 86% (170/197) of the patients 
reported a positive outcome (all explored ears had 
the OW and RW patched). A positive outcome for 
vestibular symptoms could not be explained on any 
basis other than a successfully repaired PLF (or pos- 
sibly a placebo effect). Considering that the median 
duration of vestibular symptoms was 3 years, spon- 
taneous recovery was highly unlikely. For specifi- 
cally those patients with a chief complaint of SHL, 
the median duration of symptoms until surgery was 
7/2 weeks. It has been the first author's experience 
in managing hundreds of patients with SHL with 
causes other than PLF that if it occurs, spontaneous 
improvement begins within the first 2 weeks after 
onset. None of these patients had shown any sign of 
improvement by the 2-week mark and, thus, prob- 
ably would not have had any spontaneous improve- 
ment if they had been left alone and not operated 
upon. Some patients operated on as late as 5 months 
postonset still had hearing improvement recorded, 
but none of the 15 patients operated upon after 5 
months' duration showed any hearing improvement. 
Thus, patients with an SHL more than 5 months ear- 
lier have almost no chance of improvement with a 
PLF repair. 


Diagnostic Tests. We used a successful outcome 
as the positive indicator of a PLF to look at the 
strengths of our diagnostic tests. The ENG fistula 
tests were proven to be of little value because of their 
low sensitivity (18%). The tandem Romberg test and 
platform posturography were high in sensitivity but 
not very specific for a PLF. The ECochG was rela- 
tively low in its sensitivity but high in its specificity 
for borderline-abnormal results. The ECochG results 
(from canal electrodes) were either normal or bor- 
derline-abnormal, with a summating potential-ac- 
tion potential (SP/AP) ratio of 0.40 to 0.60 used as 
the criterion for a borderline-abnormal test result. 
Slightly different parameters have been used in pre- 
vious studies applying ECochG to the diagnosis of a 
PLE2224 Rarely did a patient in this group have an 
SP/AP ratio greater than 0.60. If so, this was inter- 


Cause No. Positive Negative 
Undetermined 70 83% 17% 
Trauma 74 93% 1% 
Barotrauma 27 96% 4%. 
ICP 26 69% 31% 


ICP — intracranial pressure. 


preted as primary Meniere’s disease, or at least as a 
significant secondary endolymphatic hydrops.?4 This 
finding placed the patient in the MDSC group not 
reported here. The SFT was moderately sensitive 
(53%) and highly specific (69%), and the PFT was 
equally sensitive and specific. Both fistula tests had 
a predictive value of a positive test in the range of 
80%, according to the definition of predictive value 
of (+) = true positives/(true positives + false posi- 
tives) x 100. We continue to perform the audiogram, 
ECochG, tandem Romberg, SFT, ENG, and PFT on 
all PLF suspects. 


Eighty-two patients had both an SFT and a PFT 
performed preoperatively. Of these 82 patients, 74 
(90%) had a positive surgical outcome, implying a 
PLF. Of these 74 patients with a PLF, 46 (62%) had 
a positive SFT, and 38 (51%) had a positive PFT, 
but only 26 (35%) patients had both a positive SFT 
and a positive PFT. Of interest, 14 of 34 (4196) with 


TABLE 8. DURATION OF HEARING LOSS IN 
SUDDEN HEARING LOSS PATIENTS RELATED TO 
SURGICAL OUTCOME 


Patients With Patients Without 
Duration of Hearing Hearing 
Hearing Loss Improvement Improvement 


2 wk 5 5 
3 wk l 
4 wk 1 
5 wk 
6 wk 
7 wk 
2 mo 
.3mo 
4 mo 
5 mo 
6 mo 
7 mo 
8 mo 
9 mo 
10 mo 
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a negative SFT had a positive PFT, and 21 of 41 
(5196) with a negative PFT had a positive SFT. This 
implies that both tests were needed to maximize the 
identification of patients with a PLF. 


In general, there is no absolutely sensitive and 
specific test for a PLE, as many patients had posi- 
tive outcomes even when all objective test results 
were normal. 


Surgical Findings. Since the visual identification 
of a perilymphatic leak is extremely subjective and 
can be influenced by different adjunctive measures 
such as Trendelenburg position, forced and/or sus- 
tained inspirations, and multiple observers, the “hit 
rate" of positive visualization will continue to be 
widely variable even if strictly consistent criteria for 
surgery are followed. 


A national survey showed a median “hit rate" of 
50%.?7 For these reasons, a slightly more objective 
standard is proposed to measure sensitivity and speci- 
ficity values for diagnostic tests and surgery "hit 
rates." This standard is the postoperative improve- 
ment in vertiginous symptoms (subjective), or im- 
provement in hearing levels after SHL or stabiliza- 
tion of progressive hearing loss and/or FHL (objec- 
tive). These two parameters could be much more con- 
sistently reported than dependence on visualization 
of a few microliters of clear fluid in a bloody surgi- 
cal field in the middle ear. Moreover, visualized clear 
fluid may be serum, mucosal fluids, local anesthetic, 
or even irrigating fluid used during drilling. Many 
authors (including ourselves) have observed an im- 
pressive rate of improvement in symptoms after both 
windows were patched, even when a specific leak 
was not identified. This has been attributed to minute 
leaks?? (the most likely cause), intermittent leaks,?? 
cochlear membrane leaks with spontaneous heal- 
ing,?? and even a placebo effect?! The placebo ef- 
fect in PLF surgery has been discussed, but to date, 
no published trials exist. The only reference to pub- 
lished statistics involves trials with pain medication, 
and this has little application to the possible placebo 
effect of a surgical procedure. - 


Positive surgical outcomes were interpreted in this 
study as a successfully repaired PLF, since no other 
disorder of the inner ear is known to respond posi- 
tively to patching the OW and RW. 


The relationship of a predisposition to develop- 
ment of a PLF to an effaced RW membrane remains 
questionable. Nomura's?? thorough article on the var- 
iations in the architecture of the RW niche clearly 
showed effacement to occur in at least 25% of nor- 
mal temporal bones. In addition, mesenchymal tis- 
sue in the niche was very common and could be mis- 


taken for scarring or even holes in the RW mem- 
brane. This finding was supported by temporal bone 
studies of Stewart and Belal.?? 


The issue of mild congenital malformations, given 
so much prominence by Supance and Bluestone,!$ 
has yet to be emphasized by any other authors, and 
so also stands to be corroborated by future articles. 
Our intraoperative findings relative to site of leak 
and event showed an interesting correlation. All types 
of trauma caused more OW leaks (Table 6). Regard- 
less of the leak site, the surgical outcome remained 
the same (Table 4). The other interesting correlation 
is between the major symptoms and the leak site. As 
this series contained many more patients with ver- 
tigo than hearing loss, there were more OW leaks 
than RW leaks. Anatomically, this makes sense, since 
an OW leak would more likely disturb the contents 
of the vestibule (ampullae of the semicircular canals 
and maculae of the utricle and saccule), whereas an 
RW leak would more likely disturb the contents of 
the cochlea (Table 5). 


Revision Surgery. Of the 197 unilateral cases, only 
12 patients (6.1%) underwent revision surgery. Only 
] patient underwent more than one revision on a 
particular ear, since nearly all revisions brought about 
a satisfactory resolution of the symptoms. This is 
not to imply that the postoperative course of the 
majority of PLF patients was straightforward. On 
the contrary, there were many different scenarios. 
The.most satisfying situations were in the patients 
who had been experiencing continuous vertigo pre- 
operatively but who awoke from surgery with im- 
mediate, complete relief of their symptoms. This 
occurred not infrequently, but far from commonly. 
In fact, a full month was usually required before judg- 
ment could be passed on the outcome of the surgery 
for vertiginous symptoms. There was the rare pa- 
tient who eventually cleared beyond the 1-month 
postoperative period. 


A few patients had preoperative symptoms typi- 
cal of the PLF patient, with a balance disturbance 
and motion intolerance, and then postoperatively 
developed episodic whirling vertigo typical of Me- 
niere's disease. This was first alluded to by House* 
in 1967 in relation to his poststapedectomy patients, 
but was elucidated further by Potter and Conner?^ in 
1983. They felt that these patients had undergone a 
successful closure of a PLF, but were then experi- 
encing symptoms of exacerbated secondary Me- 
niere's disease in the postoperative period. In the 
present series, these few postoperative patients were 
managed in exactly the same way as a primary Me- 
niere's disease patient would be handled, ie, 3 months 
of treatment with a diuretic, niacin, and a vestibular 
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suppressant, and if this failed, an endolymphatic 
shunt. Two patients in this series went on to have 
shunts performed for control of secondary Meniere’s 
disease vertigo. These were counted not as revisions, 
but as secondary treatment. One of these patients 
eventually needed a retrolabyrinthine vestibular nerve 
section before her symptoms were controlled. 


Preoperative Surgical Indicators. Most authors 
who have written on the subject of PLF have ex- 
pressed frustration in attempting to establish a set of 
indications for surgery on suspected PLFs. They have 
emphasized the entire complex of history, physical 
examination, diagnostic tests, and the patient’s in- 
formed consent. Some authors have emphasized cer- 
tain diagnostic tests, such as the positional tests and 
eyes-closed turning test,°5 fistula tests (SFT, !5:29.36.37 
ENG,2° PFT?8), ECochG,?.24 dehydrating tests,?? 
and positional audiometry,“ as having significant 
sensitivity and specificity in the diagnosis of PLF. 
The value of some of these tests is supported in na- 
tional surveys on the subject??4! and in the present 
series. 


After working with these 197 patients and ana- 
lyzing the data in this report, we developed certain 
diagnostic maxims that, when followed, lead to a 
high incidence of positive surgical results: 


1. Ask for specific details about the 24-hour period 
prior to the onset of symptoms or exacerbation 
of chronic or recurrent symptoms (trauma, Val- 
salva's maneuver, barotrauma). 


2. Beware of constant disequilibrium and motion in- 
tolerance, especially in younger patients. 


3. Beware of SHL or vertigo in patients with preex- 
isting sensorineural hearing loss or congenital 
temporal bone malformations. 


4. Remember that PLFs can mimic primary Me- 
niere's disease. 


S. Trust a positive fistula test of any kind (SFT, ob- 


jective fistula test, ENG, PFT). 


6. Note that ECochG SP/AP ratios may be mildly 
abnormal secondary to PLFs. 


7. Repair both OW and RW membranes in all ex- 
plored ears. 


8. Use the entire set of information (history, physi- 
cal examination, and diagnostic tests) to decide 
on the appropriateness of a PLF repair, and in- 
volve the patient in the decision-making process. 


CONCLUSION 


With the described approach to recommending 
exploration and grafting of PLFs, 87% of patients 
improved, with minimal complications; this rate in- 
dicates that this approach was beneficial in this pa- 
tient population. Diagnosis of PLF has not been per- 
fected. Given the relatively safe nature of the sur- 
gery, exploration and grafting should be recom- 
mended when a complete evaluation has ruled out 
other causes of the patient's problem and tests and 
history point to a PLF diagnosis. 


The situation should be carefully reviewed with 
patients so that they understand the basis of the rec- 
ommendation and the risks and benefits of the pro- 
cedure. Each surgeon should be aware of his or her 
outcomes, as they provide the best evidence of the 
accuracy of the particular approach to the problem. 
Further studies on both preoperative and intraopera- 
tive diagnostic techniques are required to increase 
the accuracy of diagnosis. Even with the present state 
of the diagnostic art, however, 87% of patients op- 
erated on in this series improved. Because outcome 
analysis is a potent tool for developing strategies to 
use with patients who present with the types of com- 
plaints described in this paper, surgeons should ana- 
lyze these cases carefully and follow them closely 
to determine their outcomes, irrespective of whether 
the patient undergoes surgery. 
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VESTIBULAR AND OPTOKINETIC FUNCTION 
IN THE NORMAL GUINEA PIG 
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Vestibular and optokinetic function was quantitatively studied in the normal guinea pig through investigation of the vestibulo-ocular 
reflex (VOR), optokinetic nystagmus (OKN), and the visual vestibulo-ocular reflex (V VOR) by means of sinusoidal stimulation with 
a computer-controlled rate table (VOR and VVOR) or an optokinetic drum. The VOR exhibited high-pass filter characteristics with 
steady state gain achieved at 0.125 Hz. The maximum gain was 0.55 at a velocity of 60°/s. The VOR was modeled by a transfer function 
with best fits obtained with an adaptation time constant of 12.5 seconds. The OKN showed low-pass filter characteristics with a decrease 
in gain for increase in stimulus amplitude. The maximum gain measured was 0.64. A fractional pole model provided a fit of these data. 
The VVOR exhibited a mean gain of between 0.6 and 0.7 across the stimulus bandwidth and peak velocities. A model based on a linear 
combination of the actual OKN and VOR gains provided an estimate of the VVOR gain. 


KEY WORDS — guinea pig, modeling, optokinetic nystagmus, vestibular function. 


INTRODUCTION 


The guinea pig has been frequently utilized as a 
subject for audiologic physiology studies and as a 
model for inner ear disorders. Although much re- 
search has been conducted on the auditory system, 
there is a paucity of information in this species in 
regard to its vestibular responses. This study was un- 
dertaken to document quantitative vestibulo-ocular 
reflexes (VORs) and optokinetic nystagmus (OKN) 
function in the normal guinea pig and as a prelude to 
parallel measurements to be made in pathologic sub- 
jects with experimental endolymphatic hydrops. The 
data were used to evaluate the horizontal VOR, OKN, 
and visual vestibulo-ocular reflex (V VOR) and their 
interactions as described for other species. 


METHODS 


Normal multicolored guinea pigs (750 to 1,000 g) 
underwent surgical implantation of a scleral search 
coil and electrical connector (for monitoring eye 
movement) and a cranial bolt (for head fixation). A 
mixture of ketamine hydrochloride (Ketalar, Parke- 
Davis, Morris Plains, NJ, 40 mg/kg) and xylazine 
hydrochloride (Rompun, Miles Laboratories, Shaw- 
nee, Kan, 8 mg/kg) was administered intramuscu- 
larly as an anesthetic and supplemented with lidocaine 


hydrochloride (Xylocaine, Astra Pharmaceuticals, 
Westborough, Mass) 1% as an analgesic for the skin 
incision, The conjunctiva was incised and the ex- 
traocular muscles were identified. A Teflon-coated 
multistranded stainless steel wire (AWG No. 38, 
Cooner AS632) was inserted between the extraocular 
muscles and the sclera for two turns around the globe 
and then brought through a superiorly directed sub- 
cutaneous tunnel to the dorsal skull. A sagittal inci- 
sion was created centrally over the parietal region of 
the skull. All soft tissue, including the periosteum, 
was separated from the calvarium. Six stainless steel 
flat-head machine screws (No. 00-90 x !/s in) were 
inserted into holes created in the parietal bones with 
care to maintain the integrity of the underlying dura. 
Dental cement was used to secure a bolt to the 
previously placed screws to provide head fixation 
and to secure an electrical connector to which the 
leads of the scleral search coil were attached. Ani- 
mals were allowed to recover for 2 weeks prior to the 
initiation of vestibular and optokinetic testing. 


Alert animals were restrained in a custom box that 
rigidly fixed the head with the implanted bolt. This 
system of fixation was designed to maintain the 
horizontal semicircular canals in the yaw plane of 
rotation without impeding the animals' vision.! The 
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NUMBER OF ANIMALS WITH SYMMETRIC RESPONSES TESTED FOR EACH VELOCITY AND FREQUENCY 


Velocity (°/s) 0.0125 Hz 0.025 Hz 0.05 Hz 
VOR 3.75 0 0 8 
7.5 0 7 14 
15 0 10 14 
30 5 1i 14 
60 11 15 16 
120 14 15 15 
OKN 3.75 17 17 17 
7.5 17 17 17 
15 16 16 16 
VVOR 3.75 15 15 14 
7.5 16 15 15 
15 15 15 15 
30 13 13 13 
60 14 16 15 
120 13 14 14 


0.1 Hz 0.2 Hz 0.4 Hz 0.8 Hz 

8 8 i 8 8 
16 17 17 I5 
16 17 17 16 
16 16 16 16 
16 16 16 16 
13 13 13 0 
17 14 14 6 
16 14 13 6 
16 13 11 3 
14 16 16 16 
14 17 17 17 
16 17 17 17 
12 12 13 13 
15 17 17 17 
13 13 12 0 


VOR —- vestibulo-ocular reflex, OKN — optokinetic nystagmus, VVOR — visual vestibulo-ocular reflex. 


box was placed on a computer-controlled rate table 
for oculomotor studies that included VOR (table 
rotations in the dark, field coils stationary to the 
table), VVOR (table rotations in the light, field coils 
stationary to the table), and OKN (table and field 
coils stationary with a rotating visual field) testing. 
The VOR and VVOR utilized sinusoidal table rota- 
tions at stimulus frequencies between 0.0125 and 0.8 
Hz with peak velocities between 3.75°/s and 60°/s. 
Optokinetic stimuli were provided by a computer- 
controlled motorized optokinetic drum positioned 
around the animal. Sinusoidal drum rotations be- 
tween 0.0125 and 0.8 Hz with peak velocities be- 
tween 3.75°/s and 15°/s were used. 


Prior to any testing, eye movement was calibrated 
in the dark by physically rotating the restraining box 
(containing the animal with the head fixed) 10? in 
each direction from the center within the search coil 
field. This calibration procedure was utilized be- 
cause rodents, unperturbed in a quiet and dark envi- 


ronment, maintain center gaze relative to the head. 
The signal generated by the known displacement of 
the eye coil within the field coils was then measured 
(resolution 0.5?) and used to calibrate the eye record- 
ings during testing. 


Eye, table, and optokinetic drum movements were 
monitored through a continuous strip chart recorder 
and by a laboratory computer with programs for data 
acquisition, online display and analysis of eye veloc- 
ity, and table or optokinetic drum velocities.? The 
computer program identified and removed the nys- 
tagmus fast component to allow comparison of the 
stimulus with the slow component of eye velocity. 
For each of the various VOR, VVOR, and OKN tests 
performed, plots of the velocity of slow eye move- 
ment versus time and versus stimulus velocity (after 
removal of the phase shift) were generated.) The 
time-domain data were fit by discrete fast Fourier 
analysis. The magnitude of the fundamental compo- 
nent was used to compute the gain response, ex- 


VOR: Stimulus: 0.1 Hz @ 60 degree/sec 


Fig 1. Example of vestibulo-ocular F° Poson 


reflex (VOR) recording from guin- 
eapigat stimulus of 0.1 Hz and60°/ 
s. Upper two tracings illustrate eye 
position and stimulus velocity rela- 
tivetotime. Bottomleft graph shows 
plot of slow component eye veloc- 
ity versus time (dots represent ac- 
tual data). Solid line demonstrates 
Fourier analysis and curve fitting 
of data. Bottom right graph shows 
plot of slow component eye veloc- 
ity versus stimulus velocity (after 
phase shift removal). 
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pressed as the ratio of the peak eye velocity to the 
peak stimulus velocity, and the phase response, de- 
scribed as the difference between the peak eye veloc- 
ity phase and the peak stimulus velocity phase. For 
VOR and VVOR, 180? was added to the phase. An 
assessment of the quality of the animals' response to 
the various stimuli was performed by visually exam- 
ining the data plots for symmetry and the tendency for 
the data to cluster around the fitted curve and by 
measuring the degree of distortion of the first five 
harmonics. 


Only animals with symmetric and repeatable re- 
sponses, exhibiting approximately equivalent gains 
for rotation in each direction and a first harmonic 
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Fig 2. Bode plots of VOR gain (a-f) and phase 
(a'-f^) versus stimulus frequencies for veloci- 
ties of stimulation tested. Each data point 
represents average of all animals tested at that 
particular parameter (see Table), while bar 
represents positive standard deviation. Solid 
lines represent modeled fit of data using 
mathematic model presented in text. 





Frequency (Hz) 


distortion of less than 20%, were included in this 
study. The number of subjects able to satisfy these 
criteria forthe various parameters tested are shown in 
the Table. Bode plots were prepared from gain and 
phase values for each animal and stimulus condition. 
Best fit transfer functions from these frequency do- 
main data were determined with the aid of a least 
squares linear control systems fitting algorithm ^2 


RESULTS 


Vestibulo-ocular Reflex. 'The VOR data included 
high-quality eye position recordings from up to 17 
animals for the various parameters tested. At the 
lower peak velocities of stimulation the eye move- 
ments were compensatory in nature, demonstrating 
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Fig 3. Plotof VOR dominant time constant (A) and steady state gain (B) for each of stimulus peak velocities tested. Closed 
circles represent model coefficients of equation 1 (in text) calculated for mean gain and phase data of all animals. Bars 
represent averaged coefficients found by applying model of equation 1 to each individual animal’s gain and phase data. 
Parameter values used in constructing this Figure were tv (dominant time constant) and Gv (steady-state gain) obtained 
through fits of VOR transfer functions that considered all frequencies and phase velocities tested. 


an approximate 180? phase shift of the eye position 
relative to the head. At peak velocities above 7.5°/s, 
the magnitudes ofthe VOR stimuli were large enough 
to produce crisp nystagmus (Fig 1). Plots of the slow 
component eye velocity versus time demonstrated a 
sinusoidal curve similar to, but out of phase with, the 
stimulus velocity. After removal of the phase shift, 
slow phase eye velocity plotted against stimulus 
velocity resulted in a scalar plot that was fit to a 
straight line (utilizing a least squares curve-fitting 
method) with a slope that represented the gain of the 
animals' response. 


Bode plots of the gain and phase were prepared 
from the mean and standard deviation data from each 
peak velocity stimulus (Fig 2). The data demonstrate 
high-pass filter characteristics with steady state gains 
achieved at the stimulus frequencies of approxi- 
mately 0.125 Hz for the various velocities tested. The 
maximum gain ranged from 0.42 to 0.55 at respective 


peak velocities of 7.5°/s and 60°/s. The phase re- 
sponse exhibited a lead of greater than 90? for the 
lower frequencies tested and approached 0? for the 
higher frequencies. 


A model composed of two poles, including an 
adaptation operator, provided an adequate fit of the 
data. The form of this transfer function model H(s) 
is 


(1) H(s) = Gv x TaTvs~ 


(tas + 1)(tvs + 1) 


where Gv is a steady state gain constant, tv is the 
dominant or system time constant, Ta is the adaptation 
time constant, and s is the Laplace operator. Based on 
the best fit of the averaged data, ta was estimated at 
12.5 seconds. Determination of tv and Gv was pro- 
vided by the curve-fitting software utilizing a best fit 
transfer function. Although the fitting software de- 
termined the values of these parameters with error- 


OKN: Stimulus: 0.1 Hz @ 7.5 degree/sec 


Eye Position 


Fig 4. Example of optokinetic nys- 
tagmus (OKN) recording from 
guinea pig at stimulus of 0.1 Hz 
and 7.5°/s. Illustrations include eye 
position and stimulus velocity rela- 
tive to time, plot of slow compo- 
nent eye velocity versus time (dots 
represent actual data; solid line rep- 
resents curve fitting of data), and 
plot of slow component eye veloc- 
ity versus stimulus velocity (after 
phase shift removal). 
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minimizing criteria, these values were occasionally 
adjusted and the fits compared so that visually better 
fits of both the gain and phase data were achieved. 
The dominant time constant was plotted for each of 
the stimulus velocities tested in Fig 3. In this graph 
the closed circles reflect the model coefficients of 
equation 1 for the mean gain and phase data of all 
the animals. The bars represent the values found by 
averaging H(s) coefficients from the data of indivi- 
dual animals. It was noted that tv was velocity-de- 
pendent, with an increase in this constant especially 
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Fig 5. Bode plots of OKN gain and phase versus 
stimulus frequencies for velocities of stimulation 
tested. Each data point represents average of all 
animals tested at that particular parameter (see Ta- 
ble), while bars represent standard deviation. Solid 
line represents fractional pole model fit (k = 0.5), 
and dashed line represents first-order modeled fit 
(k = 1) for transfer function (equation 2, detailed in 
article). 
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at the higher peak velocities. 


Optokinetic Nystagmus. The OKN response was 
recorded from up to 17 animals for the various pa- 
rameters tested. Recordings of the eye position were 
of high quality and showed a sinusoidal eye move- 
ment response in phase with the target (Fig 4). In 
those stimuli in which the magnitude was greater than 
15°/s, a brisk nystagmus was- produced. In some 
animals an afternystagmus was noted in which nys- 
tagmus would continue for a few seconds after ces- 
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Fig 6. Composite plots of average OKN slow eye velocity (A) and gain (B) versus peak stimulus velocity for various frequencies 
tested. Note that slope of slow eye velocity response approached unity and highest gains were achieved for lowest frequencies 
tested, with diminishing response at incrementally greater testing frequencies. Nonlinearities in system are especially evident 


in OKN gain response at frequencies of 0.05 Hz and greater. 
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VVOR: Stimulus: 0.1 Hz @ 60 degree/sec 


Eye Position 


Fig 7. Example of visual vestibulo- 
ocular reflex (VVOR) recording 
from guinea pig at stimulus of 0.1 
Hz and 60*/s. Iilustrations include 
eye position and stimulus velocity 
relative to time, plot of slow com- 
ponent eye velocity versus time 
(dots represent actual data; solid 
linerepresents curve fitting of data), 
and plot of slow component eye 
velocity versus stimulus velocity 
(after phase shift removal). 
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sation of the optokinetic stimuli. Plots of the slow 
component eye velocity versus time demonstrated 
a sinusoidal curve similar to and in phase with the 
stimulus velocity. Plots of the slow eye velocity ver- 
sus stimulus velocity demonstrated a straight line 
with a slope representing the gain of the response. 
Bode plots of the mean (+ standard deviation) gain 
and phase were prepared for each peak velocity 
stimulus (Fig 5). The data exhibited low-pass filter 
characteristics, with the highest gains atthe lower fre- 
quencies of stimulation for all peak velocities tested. 
At frequencies above 0.1 Hz there was a decrease in 
gain and phase. The maximum average gain recorded 
was between 0.62 and 0.64, which decreased to 0.23 
+ 0.14 at 3.75°/s and to 0.05 + 0.08 at 15°/s, both at 
0.8 Hz. 


The mean closed loop OKN gain and phase data 
were fit with a transfer function of the form 


(2) 


where GOK is the static optokinetic gain (assigned a 
value of 0.65), t is the time constant (determined to be 
0.48 seconds), and s is the Laplace operator. In an effort 
to improve the fit to the data, fractional pole exponents 
(k) were utilized as shown in Fig 5. Whereas the first- 
order model (eg, k = 1) provides a satisfactory visual fit 
for the mean OKN gains at 3.75?/s peak stimulus 
velocity, it overestimates the mean gains at frequencies 
greater than 0.05 Hz at 7.5°/s and 15°/s peak stimulus 
velocities. Furthermore, the first-order model underes- 
timates the measures of phase at most frequencies for 
the tested peak stimulus velocities. The fractional pole 
model (eg, k = 0.5) appears to provide a better overall 
fit for the OKN phase measurements, although it over- 
estimates the gain measurements at the various peak 
stimulus velocities tested. 


A comparison of the OKN-stimulated slow eye 
velocity versus the peak stimulus velocity (Fig 6A) 
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demonstrated a linear response for the various fre- 
quencies tested, with a slope closest to 1 for the 
lowest frequency (0.0125 Hz) and a corresponding 
decrease in slope for increase in stimulus frequency 
uptoO.1 Hz. Athigher frequencies of stimulation, the 
slow component eye velocity response remained 
poor regardless of the stimulus velocity. Plotting the 
OKN gain versus peak stimulus velocity (Fig 6B) for 
the frequencies tested showed a relatively constant 
gain at the lower frequencies tested (0.0125 and 
0.025 Hz) and a nonlinear gain reduction with in- 
crease in velocity at the higher frequencies tested. 


Visual Vestibulo-ocular Reflex. The VVOR was 
recorded in up to 17 animals for the various param- 
eters tested. Similar to the other reflexes measured, 
the sinusoidal VVOR stimulus provided a strong 
ocular movement response (Fig 7). At the lower peak 
velocities of stimulation, eye movements were sinu- 
soidal and compensatory, with an approximate 180? 
phase shift relative to the stimulus. At peak velocities 
above 7.5°/s, a nystagmus response was achieved. 
Plots of the slow component eye velocity versus time 
were sinusoidal, but approximately out of phase with 
the stimulus velocity. After removal of the phase 
shift, plots of the slow eye velocity versus stimulus 
velocity demonstrated a curve that was fit with a 
straight line (by a least squares fitting method) with 
a Slope that reflected the gain of the response. Bode 
plots showing the average and standard deviation 
gain and phase responses for the frequencies tested 
are shown in Figs 8 and 9. The maximum average 
gains achieved varied between 0.7 at 120°/s and 0.59 
at 3.75°/s. For the lower velocities (3.75°/s and 7.5°/ 
s), the gain was relatively constant throughout the 
frequencies tested; however, the higher velocities 
tested showed a tendency for a frequency-dependent 
increase in gain. The phase shift was near zero for the 
velocities between 3.75°/s and 30°/s, while at the 
higher velocities tested there was a low-frequency 
phase lead that approached zero at approximately 0.1 
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Paige”? proposed the linear combination of the 
actual VOR and OKN gain data to estimate VVOR 
gain utilizing the following relationship: 


(3) VVOR = VOR + OKN(1 — VOR) 


This proposal was studied in 6 animals in which 
there were complete VOR, OKN, and VVOR data for 
all the stimuli tested at 0.05, 0.1, 0.2, and 0.4 Hz, 
including stimulus peak velocities of 3.75°/s, 7.5°/s, 
and 15°/s. The predicted VVOR was then compared 
with the measured VVOR data, and a predicted to 
measured (P/M) ratio was computed for each animal 
(Fig 10). Optimal modeling of the VVOR would 
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Fig 8. Bode plots of VVOR gain (a-f) and phase 
(a'-f^) versus stimulus frequencies for velocities 
of stimulation tested. Each data point represents 
average of all animals tested at that particular 
parameter (see Table), while bar represents posi- 
tive standard deviation. Dashed lines merely con- 
nect data points and do not represent modeled fit. 
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demonstrate a P/M ratio of 1. Statistical evaluation 
with atwo-factor repeated-measures analysis of vari- 
ance did not show the P/M ratios for our overall data 
to be different from 1 (p > .05). In addition, the P/M 
ratios were not affected by stimulus velocity (p > .5); 
however, there was a main effect of frequency, with 
lower P/M ratios for the higher stimulation frequen- 
cies (p < .005). On at-test, the P/M ratios for0.05, 0.1, 
and 0.2 Hz were not different from 1 (p > .05), and 
only the ratio for 0.4 Hz was statistically lower than 
1 (p « .05). 

Lau et al?.19 proposed a model of the VVOR that 
incorporates a linear combination of the VOR and 
OKN for each amplitude and frequency of stimula- 
tion in the form of 
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Fig 9. Composite Bode plots of average V VOR gain (A) and phase (B) responses versus stimulus frequencies for 
various stimulus velocities tested. Note relatively constant VVOR gain response independent of stimulus velocity. 
Phase response shows phase lead at lower frequencies and hi gher velocities tested, which approach zero with increase 
in frequency. At lower velocities tested, phase response remains stable around zero. 


(4) VVOR = VOR - OKN(1 + VOR) 


In this relationship, VOR and OKN represent the 
respective transfer functions of equations 1 and2. For 
the three peak velocities from which OKN data were 
recorded, we attempted to fit our data utilizing this 
algebraic summation of transfer functions. Because 
of computer limitations, we were only able to provide 
a first-order OKN transfer function (k = 1) for analy- 
sis of the VVOR model. Although this provided a 
good fit of the gain data below 0.1 Hz, the high- 
frequency gain and phase data were inadequately 
described. 
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Fig 10. Plot of ratio of VVOR gain predicted (as linear 
summation of VOR and OKN measured gain data) to 
VVOR gain measured for various stimulus velocities and 
frequencies tested. Ratio of 1 demonstrates best possible 
prediction of data by model. 


DISCUSSION 


Guinea pigs can provide high-quality vestibulo- 
ocular data when functionally tested. They demon- 
strate a robusteye movement response to optokinetic 
and vestibular stimulation that can be readily re- 
corded. The utility of guinea pigs as models for ear 
disease can be supplemented by knowledge of their 
vestibular response. This is especially needed in 
conditions such as endolymphatic hydrops, in which 
knowledge of the vestibular interactions is para- 
mount in understanding the disorder. 


The tests used for measuring vestibular and opto- 
kinetic function in this study represent the lower end 
of the physiologic range of head movements and vi- 
sual stimuli in which compensatory eye movements 
are generated for the guinea pig. In part, this is a lim- 
itation of our quantitative vestibular function testing 
instrumentation. Even with this limitation, the data 
provide a useful analytic approach to the guinea pig's 
vestibular system. 


The VOR function in the guinea pig is similar to 
that in other species, such as the rabbit and the 
chinchilla, with a compensatory nystagmus to stimu- 
lation and demonstration of high-pass filter charac- 
teristics.!..!? The average maximum gain achieved 
for guinea pigs was 0.55 at a peak velocity of 60°/s 
for the midrange of rotational frequencies tested, as 
compared to 0.54 to 0.8 for rabbits and 0.6 for chin- 
chillas. These data are comparable with those of other 
studies of guinea pig vestibulo-ocular function.!? 
Adaptation time constants have been calculated at 
10.6 seconds for the rabbit and 24 seconds for the 
chinchilla.?0.12 Our data show an estimate of the 
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guinea pig adaptation time constant at 12.5 seconds, 
which seems consistent with the findings in other 
species. On a model comprising two poles including 
an adaptation operator, our phase data fit the model 
well; however, there was a consistent overestimation 
of the gain at the lower frequencies. 


The OKN response in guinea pigs shows an aver- 
age maximal gain of between 0.62 and 0.64 achieved 
at low frequencies of stimulation. Although a first- 
order model has been utilized for describing closed- 
loop OKN data in other species, we found response 
characteristics of the guinea pig that departed from 
the expected response for a first-order system?! 
Primary was the finding that the high-frequency 
phase response at the three stimulus velocities tested 
approached an asymptote of —45? (as opposed to a 
first-order response of —90?). With a fractional pole 
model, there was much better fit of the phase data. 
The gain data were in general poorly fit with either 
model; however, the first-order model was closer to 
the actual data. Anastasio!4 demonstrated that frac- 
tional dynamics of the vestibulo-oculomotor system 
could result from a “weighted summation" of mul- 
tiple first-order systems. A similar analysis of our 
guinea pig OKN data could be adapted by shifting the 
time constants of multiple summed first-order filters. 
One physiologic interpretation of the summation of 
multiple first-order filters could be the distributed 
integrated activity of premotor neurons at various 
levels.!4 


The VVOR gain response in guinea pigs was 
relatively stable between 0.5 and 0.65, with minimal 
phase shift for the range of frequencies tested in this 
study. It is notable that a gain of less than 1.0 was 
achieved. This may be related to our method of 


testing, which immobilized the head and prevented 
any cervical musculature interaction (ie, no vestibu- 
lo-collic contribution to VVOR).!5-!7 Our data indi- 
cate that the VVOR gain may in part reflect the linear 
summation of the actual VOR and OKN gain in this 
species; however, there is a tendency for this finding 
to be frequency-dependent. It seems that at the lower 
frequencies of stimulation the VVOR response may 
be dominated by the OKN, while at the higher fre- 
quencies of stimulation, the response is dominated by 
the VOR. In the middle frequencies, both the OKN 
and VOR may contribute to the VVOR. 


CONCLUSIONS 


1. Guinea pigs can provide reliable vestibular 
function data and may serve as excellent models for 
studying vestibular disease. 


2. The guinea pig's eye movement response to si- 
nusoidal rotational stimulation shows high-pass fil- 
ter characteristics at frequencies above 0.1 Hz stim- 
ulation, with a stable gain of 0.5 and minimal phase 
shift. 


3. Best fits of the proposed VOR model were 
achieved with an adaptation time constantfor VOR in 
the guinea pig of 12.5 seconds. 


4. A fractional pole model for the OKN was re- 
quired to provide a reasonable fit of our data. 


5. In the guinea pig, VVOR gain may in part be 
predicted through a linear summation of the actual 
VOR and OKN gain data. The VVOR appears to re- 
flect a greater OKN influence on the lower frequen- 
cies, and a greater VOR influence on the higher fre- 
quencies of stimulation. 
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SURGICAL COURSE ON OTOPLASTY 


A Surgical Course on Otoplasty will be held in English in Ulm, Germany, March 13-14, 1998. For more information, contact Prof 
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NEONATAL HEARING SCREENING 


The European Consensus Development Conference on Neonatal Hearing Screening will be held in Milan, Italy, May 15-16, 1998. 
For more information, contact Dr F. Grandori, Centre of Biomedical Engineering, Polytechnic of Milan, Piazza Leonardo da Vinci 32, 
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EFFECT OF IMMUNOTHERAPY ON SERUM LEVELS OF EOSINOPHIL 
CATIONIC PROTEIN IN PERENNIAL ALLERGIC RHINITIS 


YOSHIHIRO OHASHI, MD 
YOSHIAKI NAKAI, MD YASUSHI KAKINOKI, MD YOSHIHARU OHNO, MD 
HIROKAZU SAKAMOTO, MD AKIFUMI KATO, MD AYAKI TANAKA, MD 


OSAKA, JAPAN 


Eosinophil cationic protein (ECP) levels in the serum of clotted blood could reflect the rate of activation of circulating eosinophils. We 
investigated the serum ECP levels in patients with perennial allergic rhinitis, with special reference to the effect of immunotherapy on the 
serum ECP levels. Serum ECP levels in untreated patients with perennial allergic rhinitis are significantly higher than those of nonatopic 
volunteers. Therefore, this elevation in the untreated patients represents an ongoing inflammation occurring in allergic rhinitis. The mean 
serum ECP level of a 1-year immunotherapy group was significantly higher than that of the nonatopic group, and was not different from 
thatoftheuntreated group. In contrast, the mean serum ECP level in patients who had more than 2 years of immunotherapy was significantly 
lower than that of the untreated group, and was not different from that of the nonatopic group. Additionally, serum ECP levels were 
significantly correlated with the duration of immunotherapy: These findings suggest that activation of circulating eosinophils decreases 
gradually during immunotherapy, but this inhibition becomes apparent only after 2 years of immunotherapy. The control of circulating 
eosinophil activation might be one of the important working mechanisms behind the clinical effect of immunotherapy. 


KEY WORDS — eosinophil cationic protein, immunotherapy, perennial allergic rhinitis, 


INTRODUCTION 


The pathogenesis of respiratory allergic diseases, 
including asthma and allergic rhinitis, is closely linked 
to the presence of airway chronic inflammation.! Acti- 
vation of eosinophils and eosinophil-derived granule 
cationic proteins are the causes of the basic histopatho- 
logic changes and airway inflammation.?“ There are 
some cationic proteins released from activated eosin- 
ophils, such as major basic protein, eosinophil peroxi- 
dase, eosinophil cationic protein (ECP), and eosin- 
ophil-derived neurotoxin.» Among these, ECP is lo- 
cated in the granule matrix around the central core and 
is toxic to airway epithelia.97 Since ECP may be amajor 
cause of chronic airway inflammation, it may also be an 
objective parameter of inflammation in respiratory al- 
lergic diseases. 


Since a sensitive radioimmunosorbent assay as a 
method of quantitative measurement for ECP was 
developed by Vengeetal,® measurements of ECP levels 
at allergic inflammatory sites, including nasal lavage 
from patients with allergic rhinitis and bronchoalveolar 
lavage from asthmatics, have been attempted.?.19 In 
nasal lavage as well as in bronchoalveolar lavage, ECP 
levels are elevated when the patients are symptom- 
atic.9:!0 These data have provided valid information in 
clinical investigation of allergic diseases. However, 
harvesting of these fluids cannot be used in large series 


of patients and may cause increased inconvenience to 
the patients. The ECP levels in the serum of clotted 
blood could reflect the rate of activation of circulating 
eosinophils.!! Indeed, the serum levels of ECP in aller- 
gic asthma and atopic dermatitis are significantly 
higher ?.? 


Anelevation in the serum ECP is expected in patients 
with allergic rhinitis, because allergic rhinitis. is an 
allergic inflammatory disease like bronchial asthma. 
However, serum ECP levels in allergic rhinitis are 
controversial. It is also unclear whether immunother- 
apy can reduce serum ECP levels in allergic diseases. 
We investigated the serum ECP levels in patients with 
perennial allergic rhinitis, with special reference to the 
effect of immunotherapy on serum ECP levels. 


MATERIALS AND METHODS 


Sixty-eight adult patients with perennial allergic 
rhinitis due to Dermatophagoides farinae, 37 women 
and 31 men, with a mean age of 31.3 8.6 years (range 
18 to 50 years) were included in this study. Eighteen of 
them, the untreated group, had received no treatments 
for their nasal symptoms for 6 months before blood 
collection. The remaining 50 patients, the immuno- 
therapy group, had variable periods (mean 2.2 + 2.6 
years) of immunotherapy using Hollister-Stier stan- 
dardized D farinae extracts (Miles Inc, USA) before 
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BACKGROUND OF SUBJECTS determination of serum ECP concentrations, SST tubes 

Sex(No.of Duration of wereusedand clotting was performed at room tempera- 

Age (y) Subjects) Disease (y) ture (20°C) for 70 minutes with a margin of +10 

Mean SD Female Male Mean SD minutes. Then centrifugation of the blood was carried 

Untreated out (1,200g, 10 minutes), and serum samples were 

group 28.7 8.6 10 8 92 4.5 frozen at —80°C until they were used in the ECP assay. 

l-year group 31.6 9.2 10 8 88 44 Serum ECP was assessed by double-antibody radioim- 

2-year group 31.1 9.1 6 5 86 3.5 munoassay using an ECP radioimmunoassay kit (Phar- 

23-year macia, Japan), and all the assays were run in duplicate. 

group 334 76 11 10 89 36 Immunoglobulin E antibodies specific to D farinae 

Nonatopic were measured by the use of the Pharmacia immu- 
group 31.2 9.4 15 9 


blood sampling. The patients of the immunotherapy 
group were further divided into the following three 
groups according to their periods of immunotherapy: 
the 1-year group, 18 patients who had been under 
immunotherapy for 1 year; the 2-year group, 11 patients 
who had been underimmunotherapy for2 years; and the 
23-year group, 21 patients who had been under immu- 
notherapy for 3 or more years. 


All the patients satisfied the following criteria: 1) a 
well-documented history of perennial allergic rhinitis, 
2) no history of asthma, 3) no seasonal deterioration 
during the pollen season, 4) a positive skin test to D 
farinae, 5) apositive nasal provocation test to D farinae, 
and 6) eosinophilia in nasal smears. The patients of the 
immunotherapy group were allowed to take no con- 
comitant medication affecting nasal symptoms for 6 
months before blood collection, with prior informed 
consent. 


Venous blood was collected from each patient in 
April 1995. Serum ECP levels, blood eosinophil counts, 
and D farinae-specific IgE levels were measured. For 
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Fig 1. Serum eosinophil cationic protein (ECP) 
level. Serum ECP levels of untreated group and 
1-year group are significantly higher than that 
of nonatopic group, but those of 2-year group 
and 23-year group are not significantly differ- 
ent from that of nonatopic group. Serum ECP 
level of 1-year group is not different from that 
of untreated group, but those of 2-year group 
and 23-year group are significantly lower than 
that of untreated group. 
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noCAP system.!? Blood eosinophil counts were per- 
formed in the hospital clinical laboratory and expressed 
as cells x 10~ per liter. 


Toserveascontrols, 24 nonatopic healthy volunteers 
(nonatopic group) of the same age range (see Table) 
were chosen on the basis of the following criteria: 1) a 
negative history for allergy, 2) no physical findings 
consistent with atopic diseases, and 3) negativity for 
serum IgE antibodies specific to the common allergens, 
including D farinae. Venous blood was also collected 
from these volunteers during the same period, and 
serum ECP was assessed by the same double-antibody 
radioimmunoassay. 


Data were expressed as mean and standard deviation. 
Differences between two different groups were statisti- 
cally analyzed by the use of the Mann-Whitney U-test, 
and significance was accepted at p < .01. Correlation 
between two different parameters was estimated with 
Spearman’s rank-correlation test, and significance was 
accepted at p < .01. 


RESULTS 
Background of Subjects. The age, gender, and dura- 
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(r5 - 0.565, p<0.0001) 


serum ECP (ug/L) 
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duration of immunotherapy 


Fig 2. Correlation between serum ECP and duration of 
immunotherapy. Serum ECP level is significantly corre- 
lated with duration of immunotherapy. 


tion of disease of the subjects studied are summarized 
in the Table. No significant differences in these factors 
were recognized among the groups. 


Serum Eosinophil Cationic Protein. The serum ECP 
level (mean + standard deviation) of the nonatopic 
group was 12.17 +2.92 ug/L (range 4.5 to 16.2 ug/L). 
The serum ECP level of the 68 allergic rhinitis patients 
was 18.38 + 10.21 ug/L (range 2.0 to 43.9 ug/L). The 
serum ECP levels of the untreated group, 1-year group, 
2-year group, and 23-year group were 27.85 £10.50 ug/ 
L (range 13.5 to 43.9 ug/L), 19.12 + 8.07 ug/L (range 
3.1 to 36.9 ug/L), 15.39 + 6.33 ug/L (range 8.9 to 28.8 
ug/L), and 11.21 + 6.36 ug/L (range 2.0 to 23.3 ug/L), 
respectively (Fig 1). The serum ECP levels of the 
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untreated group and the 1-year group were significantly 
higherthan the serum ECP level ofthe nonatopic group 
(untreated group, p « .0001; 1-year group, p = .0012). 
However, the serum ECP levels of the 2-year group and 
the 23-year group were not significantly different from 
the serum ECP level of the nonatopic group (2-year 
group, p = .2863, 23-year group, p = .3627). The serum 
ECP level of the 1-year group was not significantly 
different from that of the untreated group (p = .0162), 
but those of the 2-year group and 23-year group were 
significantly lower than that of the untreated group 
(2-year group, p = .0014; 23-year group, p < .0001). 


The serum ECP of the 50 patients of the immuno- 
therapy group significantly correlated with the duration 
of immunotherapy (rs = —.565, p < .0001, Fig 2). 


Blood Eosinophil Counts. The blood eosinophil 
counts were 445.24/L + 208.89/L (range 89.6/L to 
923.4/L) in the untreated group, 384.82/L + 207.22/L. 
(range 33.0/L to 756.8/L) in the 1-year group, 351.69/ 
L + 243.29/L (range 110.6/L to 825.0/L) in the 2-year 
group, and 211.48/L :172.23/L (range 19.5/L to 555.0/ 
L) in the 23-year group (Fig 3). The blood eosinophil 
counts of the 1-year group and the 2-year group were 
not different from that of the untreated group (1-year 
group, p = .4713; 2-year group, p = .2129), but that of 
the 23-year group was significantly lower than that of 
the untreated group (p = .0030). The blood eosinophil 
counts of the 50 patients of the immunotherapy group 
did not significantly correlate with the duration of 
immunotherapy (rs = —.335, p = .0541, Fig 4). 


Correlation Analysis. A significant correlation was 
observed between serum ECP levels and blood eosino- 
phil counts in the 68 patients studied (rs = .460, p = 
.0006). A significant correlation was also observed 


Fig 3. Blood eosinophil counts (per liter). 
Blood eosinophil counts of 1-year group and 
2-year group are not different from that of 
untreated group, but that of 23-year group is 
significantly smaller than that of untreated 
group. 
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(rs=-0.335, p=0.0541) 


blood eosinophil counts 
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duration of immunotherapy 


Fig 4. Correlation between blood eosinophil counts (per 
liter) and duration of immunotherapy (years). Blood eosin- 
ophil counts are not significantly correlated with duration 
of immunotherapy. 


between serum ECP levels and blood eosinophil counts 
in the untreated group (rs = .726, p = .0049, Fig 5). 
However, there was no significant correlation between 
serum ECP levels and blood eosinophil counts in the 50 
immunotherapy patients (rs = .335, p = .0641). Also, 
there was no significant correlation between serum 
ECP levels and blood eosinophil counts in the three 
immunotherapy groups (1-year group, rs = .412, p = 
.0995; 2-year group, rs = .167, p= .6374; 23-year group, 
Is = .246, p = .3565). 


No significant correlation was observed between 
serum ECP levels and serum IgE antibodies in any 
patient group (untreated group, rs = .296, p = .2268; 
l-year group, rs = .627, p = .0102; 2-year group, rs = 
.225, p = .4802; 23-year group, rs = .128, p = .5758). 


DISCUSSION 


Serum ECP levels in allergic rhinitis were previously 
studied by several investigators and still remain contro- 
versial. Rak et al! demonstrated a significant increase 
in serum ECP levels in patients with birch pollen- 
sensitive seasonal allergic rhinitis. More recently, how- 
ever, an elevation in serum ECP levels in allergic 
rhinitis was not supported by two investigations. 15-16 
Rasp etal!5 examined serum ECP levels in patients with 
a variety of nasal disorders, including perennial allergic 
rhinitis and seasonal allergic rhinitis, and compared 
serum ECP levels in such nasal diseases with those of 
normal subjects. They failed to find any significant 
difference among these groups. However, they madeno 
mention of the treatment background of the patients 
studied. The ECP levels indicate an ongoing inflamma- 
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Fig 5. Correlation between serum ECP and blood eosino- 
phil counts (per liter) in untreated group. In untreated group, 
serum ECPis significantly correlated with blood eosinophil 
counts. 


tion, and some medications such as corticosteroids 
could modify the serum ECP levels.!!.!7-!9 If they 
examined serum ECP levels in patients taking such 
medications, the insignificant increase might be the 
result of the medication. Ferguson et al!® also examined 
serum levels of ECP in patients with allergic rhinitis, 
and found them to be in the normal range (less than 16 
ug/L). Their study also demonstrated that serum ECP 
levels in allergic rhinitis were not different from those 
in symptomatic asthma. Since it is currently accepted 
that the serum levels of ECP in symptomatic asthma are 
significantly higher,!!.!2.17 their data are confusing. 


In this study we examined serum ECP levels in 
patients with perennial allergic rhinitis. First, we exam- 
ined whether serum ECP levels were higher in patients 
with perennial allergic rhinitis than in nonatopic con- 
trols. To avoid the possible influence of medications on 
the serum ECP, we selected 18 untreated patients with 
perennial allergic rhinitis who were free from seasonal 
allergic rhinitis or bronchial asthma. Therefore, the 
serum ECP levels in these patients were considered to 
be due to environmental D farinae exposure alone. We 
also collected venous blood from each patient for ex- 
amination of serum ECP and D farinae-specific IgE 
and blood eosinophil counts in April 1995, to avoid the 
possible influence of seasonal variations in house dust 
mites. Our study has clearly demonstrated that serum 


ECP levels in subjects with perennial allergic rhinitis 


are significantly higher than those of nonatopic healthy 
volunteers and that serum ECP levels are significantly 
correlated to blood eosinophil counts. However, we 
failed to find a significant correlation between specific 
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IgE antibodies and serum ECP levels. The serum ECP 
level could reflect the number of activated hypodense 
eosinophils and the rate of activation of the circulating 
eosinophils, and the number and activity of primed 
eosinophils could therefore be linked to an ongoing 
eosinophil inflammation.!! Therefore, we interpret this 
elevation in serum ECP level in the untreated patients as 
representing an ongoing inflammation process occur- 
ring in allergic rhinitis. Additionally, serum concentra- 
tions of specific IgE antibodies are independent of 
allergic inflammation. 


The house dust mite, D farinae, has been indicated as 
one of the main sources of house dust allergens and is 
generally considered to be a major allergen associated 
with perennial allergic rhinitis.29 Allergen-specific im- 
munotherapy has been widely used in the treatment of 
allergic diseases for more than 80 years, but is still 
controversial. Critics of immunotherapy for perennial 
allergic rhinitis often claim a lack of documented effi- 
cacy. However, three recent double-blind placebo- 
controlled trials for perennial allergic rhinitis have all 
clearly shown the efficacy of immunotherapy.2!-2? 


In spite of great efforts and diversity of research, the 
exact mechanisms behind the clinical benefit of immu- 
notherapy have been the subject of much debate and still 
remainunclear. To date, some possible working mecha- 
nisms that have been advocated include a reduction in 
serum specific IgE antibody level,?^ an increased for- 
mation of blocking antibody,2>-2’ a decreased sensitiv- 
ity of basophils to antigen;?92? an alteration of T cell 
function,?? and an improvement of mucociliary activ- 
ity.?! Since the eosinophil inflammatory process could 
be at least partially involved in allergic rhinitis, immu- 
notherapy might modulate the allergic inflammatory 
process in allergic rhinitis to reduce the serum levels of 
ECP. However, this hypothesis has little evidential 
support. 


Thus, the second aim of this study was to elucidate 
whether immunotherapy is capable of decreasing the 
increased serum levels of ECP in perennial allergic 
rhinitis. Rak et al!4 examined the effect of immuno- 
therapy on serum ECP in birch-allergic patients. The 
levels of serum ECP increased during the season, 
especially at the end of the pollen season, but not in 


patients under immunotherapy. In that study, however, 
the patients were treated with a short course of 
preseasonal immunotherapy that started 6 months be- 
fore the pollen season, and were allowed to take topical 
steroids and antihistamine tablets when they were 
needed. These medications might have had an influ- 
ence on the serum ECP.!!!7.19 In the present study, 
therefore, we selected 50 patients who had exclusively 
D farinae—sensitive allergic rhinitis and had received 
immunotherapy for at least 1 year before the examina- 
tion. In addition, the patients were allowed to take no 
concomitant medication affecting nasal symptoms be- 
fore theexamination. Therefore, their serum ECP levels 
were modulated exclusively by immunotherapy. The 
serum ECP level of the 1-year immunotherapy group 
was significantly higher than that of the nonatopic 
group, and was not different from that of the untreated 
group. À year of immunotherapy did not have a favor- 
able effect on the serum ECP levels. In contrast, the 
serum ECP levels of the 2-year group and the 23-year 
group were significantly lower than that of the untreated 
group, and were not significantly different from that of 
the nonatopic group. In addition, serum ECP levels 
were significantly correlated with the duration of im- 
munotherapy. These findings therefore suggest that 
serum ECP level or activation in circulating eosinophils 
decreases gradually during immunotherapy, but this 
inhibitory effect becomes apparent only after 2 years of 
immunotherapy. Serum ECP might be a better param- 
eter to represent a favorable action of immunotherapy 
than eosinophil counts, because there was no signifi- 
cant correlation between serum ECP levels and blood 
eosinophil counts in the patients who received immuno- 
therapy. This control of serum ECP might be one of the 
important working mechanisms behind the clinical 
effect of immunotherapy. However, our present study 
has not attempted to correlate clinical symptoms and 
serum ECP levels. Serial determination of serum ECP 
with special reference to clinical symptom scores in 
immunotherapy patients as well as untreated patients is 
necessary to completely explore the clinical role of 
serum ECP during allergen-specific immunotherapy. 


` Further investigations are needed to establish the thera- 


peutic role of serum ECP in mite-specific immunother- 
apy for patients with perennial allergic rhinitis. 
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INCIDENCE OF PRIMARY CILIARY DYSKINESIA IN 
CHILDREN WITH RECURRENT RESPIRATORY DISEASES 
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The goal of the study was to evaluate the incidence of primary ciliary dyskinesia (PCD) in children suffering from recurrent respiratory 
tract infections (RRIs) by means of a noninvasive method. Respiratory ciliated cells were collected by nasal brushing in 118 children (4.6 
+2.5 years) with RRIs. The ciliary beat frequency (CBF) was measured with a stroboscopic method, and when the CBF was abnormal, the 
ciliary ultrastructure was analyzed by a quantitative method. The CBF could be measured in 106 patients (90%) and was abnormal in 15 
patients. The ciliary ultrastructure was found to be abnormal in 11 of 15 patients: PCD was diagnosed in 6 cases, and acquired ciliary defects 
were observed in the remaining 5 patients. Our conclusion, that PCD is rare but not exceptional (5.6%) in children with RRIs, justifies the 
systematic investigation of ciliated cells in such patients. For this purpose, nasal brushing can be used to sample ciliated cells even in young 


children. 


KEY WORDS — child, ciliary beat frequency, ciliary ultrastructure, recurrent respiratory tract infection. 


INTRODUCTION 


The upper and lower airways are both lined by 
respiratory epithelium composed oftwo main cell types 
— ciliated and goblet cells — which together ensure 
efficient mucociliary transport.! Failure of ciliary struc- 
ture and function impairs airway clearance and can be 
responsible for respiratory tract infections.2> Ciliary 
insufficiency can be caused by either an inborn error or 
damage inflicted on the cilia by a noxious agent.6-10 
Congenital defects of ciliary ultrastructure and function 
correspond to primary ciliary dyskinesia (PCD), in- 
cluding Kartagener’s syndrome, which predisposes the 
patient to upper and lower respiratory tract infections 
beginning in early childhood.!!-!4 These severe and 
recurrent respiratory infections (RRIs) are different 
from the normal process of immunization frequently 
observed in young children and generally lead to a 
diagnostic evaluation. In the presence of a suggestive 
clinical pattern (eg, situs inversus, nasal polyposis, 
bronchiectasis), a two-step protocol with a ciliary beat 
frequency (CBF) study and then ultrastructural evalua- 
tion is classically proposed in order to confirm ciliary 
abnormalities. Because PCD is considered to be rare, 
the etiologic survey of RRIs rarely includes ciliary 
analysis, and in patients with less severe respiratory 
symptoms, PCD might go undiagnosed. The incidence 
of this disease appears, therefore, to be underestimated. 


The aim of this study was to determine the incidence of 
PCD in children with RRIs by a noninvasive method. 
For this purpose, ciliary function was systematically 
included as part of the routine investigations performed 
in children with RRIs of unknown cause. 


MATERIAL AND METHODS 


Patients. During 24 months, 118 children (78 boys 
and 40 girls, mean age 4.6 + 2.5 years) required etio- 
logic investigations for chronic upper and lower respi- 
ratory tract infections in the Pediatric Department of 
Créteil and entered this study. All these children were 
considered to have RRIs because of the increased 
incidence and severity of their respiratory infections, 
occurring more than once a month over at least 6 
consecutive months. 


In the study population, RRIs consisted of upper 
respiratory tract infections (otitis media, rhinosinusitis; 
42.4%), lower respiratory tract infections (bronchitis, 
pneumonitis; 31.3%), or both (26.3%). In2 siblings, the 
presence of situs inversus suggested Kartagener’s syn- 
drome. 


Methods. All the children underwent the same etio- 
logic assessment at the hospital on an outpatient basis. 
All investigations were performed in the absence of 
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Fig 1. Ultrastructure of respiratory cilia: percentage and 
type of abnormalities in 15 patients with abnormal ciliary 
beat frequency. 


acute respiratory tract infection. This survey included a 
complete physical examination with supplementary 
testing including a chest X-ray and a sweat test. Labo- 
ratory tests were performed to determine the immuno- 
logic and allergic status. Examination of ciliary func- 
tion was performed together with the other investiga- 
tions. 


An otolaryngological examination, including sinus 
films and rhinoscopy with nasal sampling for ciliary 
study, was performed in the absence of local infection. 
Upper respiratory tract cells were collected by brushing 
to study ciliary motion, and a biopsy was performed for 
ultrastructural analysis of cilia when the CBF was ab- 
normal. In addition, 10 patients with a normal CBF 
were randomly chosen for ciliary ultrastructural analy- 
sis. 


Specimens from the nasal mucosa were sampled by 
brushing or biopsy of the inferior nasal turbinate after 
local anesthesia (10 minutes with 5% lidocaine hydro- 
chloride-naphazoline hydrochloride, Roger Bellon, 
France) as previously described.!5-!7 A small cytologic 
brush (Olympus, Rungis, France) with 3-mm-long ny- 
lon bristles extending 12 mm from the tip was used for 
the sampling. When bronchial endoscopy was required 
because of clinical features or radiologic findings, 
respiratory cells were obtained during the endoscopic 
examination. 


After nasal or bronchial brushing, respiratory cells 
were immersed in culture medium (IP 199, Eurobio, 
France) and incubated at 37?C for 1 hour before the 
CBF measurements were carried out.!8 Nasal or bron- 
chial biopsy specimens were immersed in 2.5% glutar- 
aldehyde in 0.045 mol/L cacodylate buffer at pH 7.4 
and processed as usual for ultrastructural analysis.!? 


Ciliary Beat Frequency. The CBF was measured by 
a stroboscopic method applied to ciliated epithelial 


cells maintained in tissue culture medium. The CBF 
was measured at room temperature on at least three 
separate areas and expressed in hertz as the mean of the 
different measurements. !* In our laboratory, the CBF of 
normal adults was found to be in the range of 10 to 14 
Hz, and a CBF lower than 6 Hz was considered to be 
clearly abnormal. In all cases, the presence of ciliated 
cells was confirmed by cytologic analysis after cyto- 
centrifugation (Cytospin Shandon II, 500 rpm for 10 
minutes) and staining with May-Grunwald-Giemsa 
stain. 

Ultrastructure of Respiratory Cilia. After fixation, 
samples for transmission electron microscopy were 
post-fixed in osmium tetroxide and routinely pro- 
cessed.!9 Ultrathin sections were studied at a final 
magnification of 60,000. At least 50 transverse sections 
through the ciliary shafts of different cells were ana- 
lyzed in each specimen to study the internal axonemal 
structure according toaquantitative method.!!.!8 Briefly, 
dynein arms, radial spokes, and nexin links were con- 
sidered to be absent from sections if the structure was 
missing from at least six of the nine peripheral doublets. 
In order to facilitate the definition of axonemal abnor- 
malities, the central structures (central microtubules 
and central sheath) were termed the “central complex.” 
The results of the ciliary ultrastructural study were ex- 
pressed as a percentage of abnormal cilia among the 


total number of cilia analyzed, and the main ultrastruc- 


tural defect was specified. Because, in controls, some 
3% to 5% of cilia can exhibit ultrastructural defects,>:!2 
a percentage of abnormal cilia higher than 10% was 
considered to be clearly abnormal.>:2%2! Ciliary orien- 
tation was systematically evaluated by comparing the 
positions of the central pairs of adjoining cilia. Disori- 
entation was defined as an angle of more than 25°.22 


RESULTS 


No complication (pain or bleeding) occurred in any 
of the 118 patients. Of the 118 cell samples, 114 were 
collected from nasal fossae, and 4 were obtained from 
bronchi. 


Ciliary Beat Frequency. ACBFanalysis was impos- 
sible in 12 cases (10%) due to the absence of ciliated 
cells in the sample. Only the remaining 106 patients, in 
whom CBF analysis was possible, were considered for 
the rest of the study. The CBF was normal (mean+SEM 
10.4+1.7 Hz)in most samples (91/106). In 15 cases, the 
ciliary beating was abnormal — either slow («6 Hz) or 
absent. 


Ultrastructure of Respiratory Cilia. A ciliary ultra- 
structural study was performed in the 15 cases with 
abnormal CBF. Quantitative and qualitative analyses of 
ciliary ultrastructure are summarized in Figs 1 and 2. 
The ciliary ultrastructure was normal for the 10 patients 
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Fig 2. Various ultrastructural patterns of respiratory cilia. Bars — 
central complex. D) Abnormal number of peripheral microtubules. 


with normal CBF selected at random for ultrastructural 
study of cilia (range of 0.5% to 5% abnormal cilia; Fig 
2A). 


DISCUSSION 


In pediatric departments, RRIs are frequently ob- 
served in young children. These RRIs can be due to 
various causes. Usually, a standardized survey looks for 
allergies, esophageal reflux, adenoiditis, environmen- 
tal conditions (pollution or passive smoking), or — less 
frequently and in the presence of a special clinical 
context for immunodeficiency — cystic fibrosis and 
Kartagener’s syndrome. Kartagener's syndrome was 
first described as the clinical association of bronchi- 
ectasis, recurrent sinusitis, and situs inversus.” More 
recently, this syndrome was considered to be a sub- 
group of PCD caused by a primary defect of ciliary 
ultrastructure and function.48 Patients with PCD have 
virtually no respiratory mucociliary transport, owing to 
abnormal ciliary ultrastructure and motion, and usually 
have respiratory symptoms beginning early in life.2-> 
Primary ciliary dyskinesia is considered to bea possible 
but exceptional cause of RRI and is rarely suspected in 
the absence of a typical clinical pattern. 


As classically proposed,569.1722 CBF measurement 
constituted the first step of ciliary analysis in the present 
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0.1 um. A) Normal cilia. B) Absence of dynein arms. C) Abnormal 


study. Samples were collected mainly from the nasal 
fossa, allowing CBF measurement in most cases. In 
contrast with tracheobronchial sampling requiring 
endoscopy, nasal brushing is a noninvasive method, 
usable even in young children. In a previous study?! we 
demonstrated that the diagnosis of PCD can be per- 
formed on nasal cilia, since all ciliated cells of the 
respiratory tract express the same congenital defect. It 
therefore seems more convenient to start by studying 
nasal cilia before deciding to perform bronchial sam- 


pling. 


Most of our patients had normal CBF, and for them 
the diagnosis of PCD was very unlikely. In the other 
patients, an abnormal CBF led us to study ciliary 
ultrastructure. When immotile cilia or a low CBF was 
associated with a high percentage of abnormal cilia, this 
suggested the potential role of defective cilia in their 
respiratory disease. The question was, therefore, to 
determine whether these ciliary abnormalities had a 
congenital origin. The diagnosis of PCD is usually 
established in the presence of a high proportion of 
abnormal cilia showing the same ultrastructural de- 
fect.35.21 According to these criteria, a diagnosis of 
PCD was accepted for 6 of our patients. As usually 
reported, the main ciliary defect found in these patients 
was an absence of dynein arms affecting almost all the 
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Fig 3. Schedule of functional and ultrastructural ciliary 
analysis proposed as standardized investigation for primary 
ciliary dyskinesia (PCD) detection in children with recur- 
rent respiratory infections (RRI). CBF — ciliary beat fre- 
quency. 


cilia? (Fig 2B). In only 1 case, the main ultrastructural 
defect involved the central complex (Fig 2C). The 
percentage of cilia affected was lower, but this specific 
ultrastructural defect is described as never involving all 
cilia, even in PCD.!! 


In the remaining patients with abnormal ciliary mo- 
tion, numerous cilia with heterogeneous ultrastructural 
defects were found (Fig 2D). This finding is frequent in 
patients with chronic respiratory tract infections.59-!! 
In these patients, it is surprising to note that although 
most of the cilia were ultrastructurally normal, ciliary 
beating was abnormal. It is therefore difficult to assert 
the role of ciliary abnormalities in the respiratory tract 
infections. In contrast with PCD, acquired ciliary de- 
fects are not well characterized. It is generally accepted 
that the lesions predominantly occur in sites of infec- 
tion.97.1022 Acquired ciliary abnormalities detected in 
the upper respiratory tract of patients with predominant 
otolaryngological infection therefore cannot predict the 
existence of the same abnormalities in the lower air- 





ways. 


Finally, in a few children with abnormal CBF, the 
ciliary ultrastructure was shown to be normal. In these 
patients, the absence of ultrastructural defects prevents 
us from distinguishing between PCD with normal cilia 
or a technical problem interfering with CBF measure- 
ment. Surprisingly, normal ciliary ultrastructure has 
previously been reported in patients with immotile ci- 
lia,? suggesting that abnormal ciliary motion could be 
related to cellular defects not yet detectable by ultra- 
structural study. Moreover, in a few patients with the 
clinical triad of Kartagener’s syndrome, neither func- 
tional nor structural abnormalities of cilia could be 
detected.2^25 In all the cases of abnormal ciliary motion 
and normal ciliary ultrastructure, it would be interesting 
to perform isotope measurement of mucociliary clear- 
ance — unfortunately, not suitable for children.26 


The schedule of nasal ciliary investigations used in 
this study (Fig 3) reserves electron microscopic studies 
for patients with abnormal CBF. The normal ciliary 
ultrastructure in 10 patients with normal CBF, selected 
at random, suggests that the possibility of missing the 
diagnosis of PCD in the absence of specific clinical 
features and in the absence of abnormal CBF is negli- 
gible. Of course, when there is a high clinical suspicion 
of PCD (ie, familial respiratory tract diseases or Kar- 
tagener’s syndrome), an ultrastructural analysis should 
be performed regardless of the CBF. It must be noted 
that even in the absence of sophisticated equipment for 
CBF measurement, it is possible, and not expensive, to 
estimate the ciliary motion with a standard light micro- 
scope. 


Inconclusion, in the child population studied, abnor- 
mal ciliary motion was found in 14% of the study 
patients, and PCD was detected in 5.696 of them. Thus, 
PCD is rare but seems not exceptional in children with 
RRIS, justifying the systematic study of ciliary function 
in this population. Nasal brushing is a noninvasive 
method that allows us to detect ciliary abnormalities in 
children with RRIs in whom we suspect the diagnosis 
of PCD. Because PCD is a genetically determined, 
lifelong disease, it is especially important to confirm 
this diagnosis with strict ultrastructural criteria. 
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IN VIVO MEASUREMENT OF HUMAN NASAL MUCOCILIARY 
MOTILITY USING A LASER LIGHT SCATTERING INSTRUMENT 


YOAV PALTIELI, MD, DSC MILO FRADIS, MD JACOB BEN-DAVID, MD 
HAIFA, ISRAEL HAIFA, ISRAEL HAIFA, ISRAEL 
LUDWIG PODOSHIN, MD HALA SHITI, BSC ZVI KAM, DSC ' 
HAIFA, ISRAEL HAIFA, ISRAEL REHOVOT, ISRAEL 


The mucociliary system is one of the most important airway defense mechanisms, and knowledge of the mucociliary wave frequency 
(MWF)isimportant in the understanding of this system. Employing a laser light scattering technique and a thin, flexible fiberoptic probe, 
we developed and tested a simple and practical device for real-time in vivo measurements of mucociliary activity in the human nose. 
The laser instrument is user-friendly and does not produce any discomfort to the patient. The mean + SE of MWF of 36 measurements 
in 16 normal subjects was 7.7 + 0.5 Hz. The mean MWF of 17 measurements in 7 patients with allergic rhinitis was 5.5 + 0.2 Hz (p < 
.005), and the mean MWF of 56 measurements in 17 patients with septum deviation was 5.8 + 0.2 Hz (p < .001). The instrument presented 
in this study might provide a new and convenient method of studying the mucociliary activity in the respiratory tract. 


KEY WORDS — human, in vivo study, laser light scattering instrument, mucociliary motility, nasal ciliary epithelium. 


INTRODUCTION 


Cilia are tiny, hairlike appendages about 0.25 um 
in diameter that contain a bundle of parallel microtu- 
bules at their core. They extend from many kinds of 
cells and are found in most animal species and some 
lower plants. Their primary function is to move fluid 
over the surface of a cell or to propel a single cell 
through afluid.! The mucociliary system is one of the 
most important airway defense mechanisms. In pre- 
vious in vitro studies, it was found that drugs,?? 


allergies, and upper respiratory tract infections? af-- 


fect ciliary motility. Until now, it has not been pos- 
sible to study mucociliary function in vivo in patients. 


Various methods have been used over the past 
several decades to measure mucociliary transport.9-!? 
Some have used saccharine, indigo carmine, or coal 
powder, which can be detected by a sweet-tasting 
sensation in the mouth or visual presentation in the 
pharynx?-!2; others have used radioactive materials 
such as technetium sulfur.$$ Verdugo and Golborne,'? 
Svartengren et al,!4 and Wong and Yeates!> de- 


. scribed the development and validation of the laser 


light scattering spectroscopy method to measure the 
movement of cilia in situ, inside the trachea of ani- 
mals. Lindberg and Runer,? using a photoelectric 
method, described a new means for in vivo measure- 
ment of mucociliary activity in the human nose. 
However, these latter methods have the disadvantage 
of being sensitive to external movements of the 


patient and the examiner’s hand. 


The aims of the present study were to develop a 
simple and practical instrument for real-time in vivo 
measurements of mucociliary activity in the human 
upper airways, and to measure the mucociliary wave 
frequency (MWF) in the nasal epithelium in normal 
subjects, as well as in patients suffering from allergic 
rhinitis or a deviated nasal septum. 


MATERIALS AND METHODS 


A small portable unit including all the components 
necessary for laser illumination and optimal detec- 
tion of the signal was designed and constructed (Fig 
1). The light source was a laser diode with a wave- 
length of 670 nm (FD 6700S, Gerhard Franck Op- 
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Fig 1. Schematic diagram of mucociliary wave frequency 
measuring instrument. AD — analog-to-digital acquisi- 
tion card; MF — multimode fibers; SF — single-mode 
fiber. 
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tronik, Hamburg, Germany). The laser beam was 
transmitted into a single-mode fiber that was selected 
in order to avoid speckle pattern fluctuations due to 
fiber movements. A flexible tube, approximately 1.5 
m long, extending from a box, enclosed the single- 
mode fiber and two multimode fibers guiding the 
back-scattered light from the probe tip to two photo- 
diode detection units in the recording unit. To collect 
as much of the scattered light as possible, thick 
multimode fibers were selected (numerical aperture 
of 0.316). The two collecting optical fibers enabled 
differential measurement between the two signals to 
reduce fluctuations due to relative motion between 
the sample and the probe. The probe was constructed 
from a flexible catheter, 1.6 mm in diameter and 50 
cm long (Marrs Laparoscopic Catheter, Cook Ob/ 
Gyn, Spencer, Ind), sealed to prevent air leakage 
during laparoscopy. At the tip ofthe probe the stripped 
fibers were joined together, embedded in a special 
epoxy, and polished. The multimode fibers guided 
the reflected light from the ciliary epithelium to two 
detecting photodiodes (DF-670, EG&G Optoelec- 
tronics, Lake Forest, Canada). Outputs from the two 
photodiode preamplifiers were fed into a differential 
amplifier circuit. A high-pass sharp frequency cutoff 





Fig 3. Photograph of mucociliary wave frequency measur- 
ing method. Patient is sitting relaxed on upright chair, 
facing examiner. Probe is introduced in each nostril, 
sounding anterior border of inferior turbinate. 





Fig 2. Computer monitor display during use of 
instrument for ciliary beat frequency measure- 
ment. Power spectrum is displayed on right, 
and user-chosen parameters are displayed on 
left. Ciliary beat frequency that was measured 
was 8.1 Hz. Presence of low-frequency noise 
spectrum (below 3 Hz) resulted from drifts in 
detection signal level due to motion. 


1.6E-8882 


at 0.5 Hz was introduced to prevent saturation of 
amplifiers due to slow movements. A low-pass pre- 
sampling filter eliminated high frequencies (such as 
50-Hz electrical interference). Further amplification 
with gain ranges between 30x and 350x could be 
controlled by the user. The spectral analysis of the 
signal, and the graphic display were carried by a 
personal computer. An analog-to-digital data acqui- 
sition card sampled the output signal according to 
user-specified sampling parameters and stored the 
data. On initiation of the program, a parameter menu 
was displayed. User-chosen parameters were averag- 
ing time (in seconds), number of sampling points, and 
maximum frequency. For each array of N sampled 
data points, Fourier transformation and squaring 
yielded the power spectrum for all frequencies up to 
the maximum frequency. The averaging time deter- 
mined how many separate power spectra would be 
averaged in the final power spectrum. The resulting 
power spectra could be seen on-screen in real time 
and were stored on disk for later analysis (Fig 2). To 
establish the sensitivity of ciliary beat measurements 
and the effects of probe movements, experiments 
were first performed in vitro on slices of chicken 
trachea. Photometric microscopy served as a refer- 
ence to which observations of the laser instrument 
were compared under well-controlled conditions. 


Description of Measurement Procedure. The pa- 
tient sat relaxed on a chair, facing the examiner. The 
probe was introduced in each nostril, sounding the 
anterior border of the inferior turbinate (Fig 3). Op- 
timal signals were obtained when the probe gently 
touched the nasal mucosa. The time of each measure- 
ment was 30 or 36 seconds. 


Patient Groups. The present clinical pilot study 
included 16 healthy persons, 17 patients with a devi- 
ated nasal septum, and 7 patients with allergic rhinitis. 
Patients who had purulent discharge from th€ nose, 
smoked more than 10 cigarettes per day, or used 
topical nasal medications were excluded. 


The clinical study was approved by the Bnai-Zion 
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Fig 4. Mean mucociliary wave frequency in normal cases 
and in patients with allergic rhinitis and septum deviation. 


Medical Center Committee on Clinical Investiga- 
tion, and the patients signed a formal agreement to 
participate in the study. 


Statistical Analysis. The significance of differ- 
ences between the healthy and the pathologic groups 
was determined by Student's t-test. 


RESULTS 


The mean + SE of 36 MWF measurements in 
normal subjects was 7.7 + 0.5 Hz (Fig 4). The mean 
MWF of 17 measurements in patients with allergic 
rhinitis was 5.5 + 0.2 Hz (t = 2.94, p « .005), and of 
56 measurements in patients with septum deviation 
was 5.8 + 0.2 Hz (t = 3.59, p < .001) (Fig 4). No sig- 
nificant difference was found between the septal de- 
viation and allergic rhinitis groups (t = 0.53). 


DISCUSSION. 


Despite the critical function of the mucociliary 
epithelium in the respiratory tract, there are not yet 
conclusive data about the relationship between ab- 
normal mucociliary function and respiratory dis- 
eases. À reliable and simple method for investigating 


'the ciliary epithelium could aid in the understanding 


of the cilia functiom in the respiratory tract and in 
diagnosis of impairment of mucociliary activity in 
various respiratory diseases. Lee and Verdugo! de- 
scribed the use of laser light scattering spectroscopy 
asareliable technique that presents several important 
advantages over methods currently used to measure 
the frequency of ciliary beat. It does not require high- 
magnification microscopic imaging, and collects the 


average beat frequency of a large number of cilia. 
Using this technique as a starting point, we developed 
aprototype of acompact and easy-to-operate medical 
instrument capable of real-time in vivo evaluation of 


Previously, Lindberg and Runer? reported a method 
of measurement of MWF in vivo by arigid probe, 3.2 
mm in diameter, containing an optical system; the 
mucociliary activity was photoelectrically analyzed 
by a computer. This method has significant limita- 
tions. In orderto avoid motion artifacts, the lower jaw 
and forehead of the patient had to be supported by a 
frame, and the upper jaw was fixed in a plastic cast of 
the subject's upper teeth, screwed to a stand. This 
caused most subjects significant discomfort, and is 
therefore not suitable for routine clinical measure- 
ments. In our method, motion artifacts are overcome, 
and a shorter time is needed for each spot measure- 
ment (30 or 36 seconds). It avoids the discomfort of 
the 30-minute duration, as well as the fixation to the 
stand utilized by Lindberg and Runer.? The nasal 
probe in our device is thin and flexible, does not 
produce any discomfort in patients, and can be used 
in freehand fashion. 


In the present study we measured the MWF to be 
7.7 + 0.5 Hz in the nose of normal subjects. This is 
higher than the MWF we measured in human ovi- 
ducts using the same instrument (5.4 + 0.3 Hz in the 
fimbria and 5.0 + 0.1 Hz in the ampulla).!? Lindberg 
and Runer? measured an MWF in the human nose of 
11.5 + 1.6 Hz, whereas Hameister et al!® obtained a 
value of 7.2 + 0.6 Hz in baboon trachea, and Svar- 
tengren et al!4 a value of 5 Hz in pig trachea. In the 
present study, it was found that patients with a devi- 
ated nasal septum and patients with allergic rhinitis 
had an MWF that was significantly lower than that in 
normal subjects. We assume that the reduced airflow 
through the nose also reduces the mucociliary activ- 
ity. 

The device described in this study appeared ca- 
pable of producing an accurate and reliable real-time 
in vivo analysis of abnormal mucociliary activity. It 
could provide a new and convenient means for study- 
ing mucociliary activity in the respiratory tract. Fur- 
ther clinical studies may substantially contribute to 
diagnosis of impaired mucociliary function in the 
nose, as well as in the lower airways, with different 
respiratory diseases and medical treatments. 
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EFFECTS OF ANESTHETIC TECHNIQUE ON THE HEMODYNAMIC 
RESPONSE TO MICROLARYNGEAL SURGERY 


ANGELES AYUSO, MD 


MERCEDES Luis, MD 
JESUS SÁNCHEZ, MD 


XAVIER SALA, MD 
JOSÉ TRASERRA, MD 


BARCELONA, SPAIN 


Our aim was to study the attenuation of the hemodynamic response to microlaryngeal surgery by B-blocking agents used as support 
drugs to the anesthetic technique. The study was carried out in 30 patients randomly allocated to one of three groups. The control group 
received only anesthetic drugs. The second group received labetalol hydrochloride 0.3 mg/kg 3 minutes before induction and 0.15 mg/ 
kg 2 minutes prior to the start of suspension of the larynx. The third group received esmolol hydrochloride 500 g/kg 3 minutes prior 
to induction and a continuous infusion of 300 |1g/kg during the surgical procedure. Hemodynamic data in the three groups were compared 
by analysis of variance. A statistically significant difference (p « .05) was found in hemodynamic data among the two groups treated 
with blocking agents and the control group. The addition of B-blocking agents to the anesthetic technique attenuates the hemodynamic 


response to suspension laryngoscopy. 


KEY WORDS — alfentanil, esmolol, hemodynamic response, intubation, labetalol, laryngoscopy, microlaryngeal surgery, 


suspension laryngoscopy. 


INTRODUCTION 


Suspension laryngoscopy is a most valuable tool 
for diagnosis and staging of laryngeal tumors. Some 
surgical procedures, such as laser surgery, can only 
be performed by this particular technique. 


The larynx is always severely stressed when it has 
been adequately exposed with the operating laryn- 
goscope and placed on the suspension device. This 
stretching of the laryngeal structures produces maxi- 
mum stimulation of the deep sensory receptors of the 


. larynx, with this stimulation being further increased 


by the surgical manipulations of the tissues. It is 
well known that suspension laryngoscopy produces 
marked increases in heart rate (HR) and blood pres- 
sure (BP) that are generally transitory and without 
sequelae, but in those patients having a preexisting 
history of cardiovascular disease, an increase in BP 
may precipitate ischemic changes, arrhythmias, and 
even myocardial infarction.* Perioperative myocar- 
dial ischemia has been associated with postoperative 
myocardial infarction, and a causal relationship has 
been postulated.’ 


Response to laryngoscopy is associated with the 
release of large amounts of catecholamines.® At- 
tempts to attenuate this response by various tech- 
niques or drugs or their combination have had varied 
success.^-!! There are many studies about different 


methodsto blunt the hemodynamic response to laryn- 
goscopy and orotracheal intubation??.11; however, 
few studies have been carried out on techniques to 
reduce the response to microlaryngeal surgery, a 
short surgical procedure that produces an important 
hyperdynamic response. 


We studied the attenuation of the hemodynamic 
response to suspension laryngoscopy by an a- and B- 
blocking agent, labetalol hydrochloride, and a selec- 
tive D-1-blocking agent, esmolol hydrochloride, used 
as support drugs to the conventional anesthetic tech- 
nique usually administered in our surgical unit. Both 
drugs were administered in regimen doses previously 
reported in the literature to attenuate the hemody- 
namic response to laryngoscopy and tracheal intu- 
bation.!2-15 | ; 


MATERIAL AND METHODS 


Subjects. Thirty patients (24 men, 6 women) rang- 
ing in age from 40 to 62 years, with an American 
Society of Anesthesiologists risk classification of I 
or II, and scheduled for microlaryngeal surgery were 
included in this study. Informed consent was ob- 
tained and the study was approved by the ethics 
committee of the hospital in accordance with the 
Helsinki II declaration. 


Patients with a history of coronary artery disease, 
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arterial hypertension, preoperative antihypertensive 
drug therapy, cardiac conduction defects, asthma, or 
any potential difficulties in airway management — or 
in whom intubation took longer than 15 seconds — 
were excluded from the study. 


Study Design. Patients studied were randomly 
allocated into three groups with 10 patients in each 
group. The control group (CG; n = 10) received only 
the anesthetic technique. The labetalol group (LG; n 
. = 10) received the same anesthetic technique and 0.3 
mg/kg of intravenous (IV) labetalol hydrochloride 3 
minutes before anesthesia induction and 0.15 mg/kg 
2 minutes prior to placement of the suspension laryn- 
goscope. The esmolol group (EG; n = 10) received 
the same anesthetic technique as the CG and an es- 
molol hydrochloride bolus of 500 ug/kg (in 1 minute) 
3 minutes prior to induction. After this time, a con- 
tinuous infusion of 300 g/kg of esmolol was started 
and maintained throughout the surgical procedure. 
The infusion was discontinued on removal of the 
suspension laryngoscope. 


The anesthetic technique used was as follows. Oral 
premedication with 5 to 10 mg oral diazepam was 
given the night before. When patients arrived in the 
operating room, IV premedication with atropine sul- 
fate (0.01 mg/kg), midazolam hydrochloride (0.05 
mg/kg), and alfentanil hydrochloride (10 g/kg) was 
administered. Breathing of 100% oxygen was per- 
formed via mask. 


Before IV premedication and after injection of the 
local anesthetic agent (lidocaine hydrochloride 2%, 1 
mL), the radial artery was cannulated for blood gas 
determinations and continuous monitoring of BP. 
After this procedure, anesthetic induction was car- 
ried out with propofol (1.5 mg/kg), alfentanil hydro- 
chloride (10 ug/kg), and succinylcholine chloride (1 
mg/kg). Direct laryngoscopy was attempted with the 
aid of a standard Macintosh laryngoscope blade, and 
orotracheal intubation was performed with an insuf- 
flating catheter (2.2 mm internal diameter). Laryn- 
goscopy and intubation were always performed by 
the same anesthesiologist. After return of a single 
twitch, neuromuscular block was maintained with 
vecuronium bromide (0.08 mg/kg), and anesthesia 
was maintained with continuous perfusion of propofol 
(8 mg/kg per hour). The duration of the propofol 
perfusion was 22 + 4 minutes (n = 30). 


Patients were ventilated by high-frequency jet 
ventilation (HFJV) using an Ergojet CVT (control 
volume time) module of the Ergotronic 3 ventilator 
(Temel SA Inc, Valencia, Spain). The respiratory 
frequency was 100 cycles per minute, the percentage 
inspiratory time was 30%, the inspiratory oxygen 


fraction (FiO2) was 80%, or 50%, if it was a carbon 
dioxide laser procedure, and the driving pressure was 
regulated to obtain good chest expansion and a hemo- 
globin saturation (SpO2) higher than 94%; however, 
the driving pressure did not exceed 3 bars. A second 
orotracheal catheter (2.2 mm) was introduced to the 
level of the carina to measure tracheal pressure. Mi- 
crolaryngeal surgery was started 10 minutes after 
orotracheal intubation. 


The HR was monitored and an electrocardiograph- 
ic lead II and V1 was displayed continuously on a 
Sirecust 402 Siemens monitor. The BP, systolic BP 
(SBP), and diastolic BP (DBP) were measured with 
a Sirecust 402 Siemens pressure transducer. 


Arterial blood samples were obtained at baseline 
(prior to IV premedication) and at 10 minutes and 20 
minutes after mechanical ventilation for determining 
arterial blood gases if the procedure was not finished 
by then. The SpO2 was monitored with an Ohmeda 
oximeter. Serial hemodynamic variables (HR, SBP, 
DBP) were recorded at baseline (prior to IV pre- 
medication), after IV premedication, during direct 
laryngoscopy prior to tracheal intubation, 1, 2, and 4 
minutes after tracheal intubation, 1, 2, 4, and 8 
minutes after placement of the suspension laryngo- 
scope, at the end of the procedure, and at 30 and 60 
minutes in the recovery room. The rate-pressure 
product (RPP) was calculated as follows: RPP - HR 
x SBP. 


Hemodynamic values in the LG and EG were 
compared to those in the CG. The hemodynamic 
values obtained at the measuring points in each group 
were compared to those at baseline. 


Recorded data were analyzed with the statistics 
program by Macintosh, Statview II. Variations were 
compared with respect to baseline values by means of 
an analysis of variance for repeated measurements. 
Significance was defined as p « .05. 


RESULTS 


There were no significant differences in age, weight, 
or sex among the groups. The types of laryngeal 
disease were similar in the three groups. Likewise, 
the times employed for the surgical procedure were 
similar in all groups (Table 1). 


The arterial blood samples analyzed at 10 min- 
utes (n = 30) and 20 minutes (n = 23, because of the 
short duration of the procedure) from the start of 
HFJV showed no differences among the groups, and 
they indicated adequate gas exchange (Table 2). No 
patient developed electrocardiographic changes in- 
dicating ischemia. Table 3 shows the hemodynamic 
values measured in the three groups. 
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TABLE 1. CLINICAL DATA 


CG EG LG 
(n = 10) (n = 10) (n = 10) 

Age (y)* 53 X19 50 € 13 48 + 16 
Sex (M/F) 7/3 8/2 9/1 
Weight (kg)* 70 + 11 71x11 76 X 9 
Height (cm)* 169+6 166 € 7 1717 
ASA (I/M) 5/5 7/3 6/4 
Surgical indication 

(No. of patients) 

Polyp 4 3 5 

Biopsy 5 4 3 

Reinke's edema l 3 2 
Time of SL (min)* 123x232 11.9445 12.843.3 


CG — control group, EG — esmolol group, LG — labetalol group, 
ASA — American Society of Anesthesiologists classification of 
anesthetic risk, SL — surgical laryngoscopy. 


*Data are mean + SD. 


Heart Rate. Changes in HR indicated that laryn- 
goscopy and the subsequent orotracheal intubation 
produced a statistically significant rise in HR with 
respect to the baseline for each group: CG (p < .01), 
EG (p « .05), and LG (p « .05). Significant differ- 
ences among groups were observedat the first minute 
after orotracheal intubation (p « .05). 


The rise of HR persisted during suspension lar- 
yngoscopy in all groups. Lower values were ob- 
served in the EG and LG, but no significant differ- 
ences were observed among the three groups. 


Thirty minutes after the end of the surgical proce- 
dure, the HR was similar to baseline values in the CG 
and EG. Furthermore, in the LG, the HR was lower 
than baseline values at 30 minutes after the end of the 
procedure, but similar to baseline values 60 minutes 
after the end. 


Systolic Blood Pressure. In the CG, the SBP re- 
mained stable with respect to baseline during lar- 
yngoscopy and intubation, but a significant increase 
(p< .01) was found during suspension laryngoscopy 
with respect to baseline. 


The EG showed a significant decrease during 
laryngoscopy and intubation with respect to baseline 
values (p « .05). The SBP was restored to baseline 
values during suspension laryngoscopy. 


Values obtained in the LG during laryngoscopy 
and intubation were similar to baseline. A small in- 
crease in SBP was found during suspension laryn- 
goscopy, but this increase was not as great as that 
observed in the CG. 


No significant differences were observed among 
groups during laryngoscopy and intubation. But a 
significant difference (p « .01) appeared during sus- 


TABLE 2. ARTERIAL BLOOD SAMPLE VALUES 
AT BASELINE AND 10 AND 20 MINUTES 


AFTER STARTING HFJV 
CG EG LG 
(n = 10) (n = 10) (n= 10) 
Baseline (n = 30) 
pH 7TAt05 74403 74404 
pO2 (mm Hg) 92+11 95 +11 94 t9 
pCO2 (mm Hg) 43t6 39 t7 44 t7 
SpO2 (96) 98 98 98 
10 minutes (n = 30) 
pH 74406 74403  74r05 
pO2 (mm Hg) 2214111 2344129 244498 
pCO2 (mm Hg) 40+9 3825 4217 
SpO2 (96) 99 100 100 
20 minutes (n = 23) 
pH 74405 74403 74404 
pO2 (mm Hg) 264+114 2564118 2514109 
pCO2 (mm Hg) 43+6 38 £7 4047 
SpO2 (%) 100 100 100 
Data are mean + SD. 


HFIJV — high-frequency jet ventilation, CG — contro! group, EG — 
esmolol group, LG — labetalol group, pO2 — partial pressure of 
oxygen, pCO2 — partial pressure of carbon dioxide, SpO2 — hemo- 
globin saturation. 


pension laryngoscopy. 


Diastolic Blood Pressure. In the CG, the DBP 
decreased without significance during laryngoscopy 
and intubation as compared to baseline. The DBP 
increased significantly (p < .01) with respect to 
baseline during suspension laryngoscopy. 


On the other hand, a significant decrease was 
observed in the EG during laryngoscopy and intu- 
bation. The DBP returned to similar-to-baseline val- 
ues during suspension laryngoscopy. 


In the LG, the DBP decreased without significance 
during laryngoscopy and intubation. A significant 
rise (p < .05) was obtained as compared to baseline 
during suspension laryngoscopy. 


A significantly lower DBP (p < .05) was observed 
in the EG with respect to the CG during suspension 


laryngoscopy. 


Rate-Pressure Product. Significant differences 
were observed among groups during laryngoscopy, 
intubation, and suspension laryngoscopy (p< .05). In 
the EG and LG, the RPP was always below 12,000. 
But in the CG, the RPP values were higher than 
12,000 (see Figure). 


DISCUSSION - 


The strength of reflex response to laryngeal stimu- 
lation appears to vary according to many factors: 1) 
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TABLE 3. HEART RATE AND SYSTOLIC AND DIASTOLIC BLOOD PRESSURES AT SELECTED TIME POINTS IN THREE 


GROUPS IN RESPONSE TO LARYNGOSCOPY, OROTRACHEAL INTUBATION, AND SUSPENSION LARYNGOSCOPY 


CG EG LG p 
(n = 10) (n = 10) (n = 10) (ANOVA) 
Heart rate (beats per minute) 
Baseline 73412 73 X15 7318 
Postpremedication 80 + 16 80 + 20 80 +9 
Laryngoscopy 89 + 8* 77 i19 78 X9 
OTI-1 101 + 10* 83 +17} 84 + 121 <.05 
OTI-2 96 + 17* 82 + 17+ 86 t 14t 
OTI-4 90 + 13* 82 + 207 84 illt 
SL-1 91+11* 88 X211 81 +1lf 
SL-2 88 + 11* 91 + 17* 80+9 
SL-4 88 + 11* 86 + 167 79 +11 
SL-8 86 + 11* 87 + 167 80+ 11 
End of procedure 82 + 121 81 t 19 799 
30 minutes in recovery 759 73i11 66 t 10 
60 minutes in recovery 75 X 7 79 + 12 TAE I2 
Systolic blood pressure (mm Hg) 
Baseline 117+ 10 128 + 22 127 + 28 
Postpremedication 107 + 12 121 x 25 120 + 25 
Laryngoscopy 117 + 28 92 + 36t 110 + 23 
OTI-1 120 + 33 98 +27} 121 + 29 
OTI-2 110 + 26 93 + 24 114 +33 
OTI-4 99 + 147 83 + 23* 102 + 291 
SL-1 156 t 21* 113 +27 140 + 34 <.05 
SL-2 164 + 20* 135 t 19 141 + 32+ <.05 
SL-4 156 + 18* 129 + 17 137 + 24 <.05 
SL-8 . 154+ 23* 130 + 16 134 + 23 
End of procedure 124+ 16 118 +21 119+ 15 
30 minutes in recovery 115+21 125 + 27 109 + 28 
60 minutes in récovery 127 € 19 121 € 24 123 + 20 
Diastolic blood pressure (mm Hg) 
Baseline 73 € 10 80+ 13 73x11 
Postpremedication 60 + 7* 59 + 17* 66 + 8t 
Laryngoscopy 66+ 11 49 + 24* 66 + 13 
OTI-1 66 + 161 54 + 19* 68 +15 
OTI-2 62 +12 48 + 18* 66 +17 
OTI-4 56 + 7* 44 +20* 62 + 141 <.05 
SL-1 93 + 10* 64 + 201 84+ 171 <.01 
SL-2 93 + 7* 76 + 13 81 + 147 <.05 
SL-4 90 + 8* 74 € 15 824 11F <.05 
SL-8 87 t 7* 75 +15 81 + 107 
End of procedure 71 X10 67 € 19 70 + 11 
30 minutes in recovery 75 €9 72 +11 689 
60 minutes in recovery 73 €15 71 21 70 + 16 


CG — control group, EG — esmolol group, LG — labetalol group, ANOVA — analysis of variance, OTI — orotracheal intubation [and number 
of minutes after tracheal intubation], SL — suspension laryngoscopy [and number of minutes after placement]. 


*p < .01 compared with baseline. 
tp < .05 compared with baseline. 


sion laryngoscope placement, the duration of the 
exploration and surgical procedure, and the maximal 
forces applied to adequately expose the larynx.!? The 
first point depends on the anesthesiologist and the 


depth of anesthesia and tracheal intubation difficul- 
ties,!1,16 2) patient-dependent variables such as age 
and history of cardiovascular disease,!" and 3) la- 
ryngoscopic factors such as any difficulty in suspen- 
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Rate-pressure product (RPP = HR x SBP) at selected 
points in three groups. HR — heart rate, SBP — systolic 
blood pressure, CG — control group, EG — esmolol 
group, LG — labetalol group, Basal — baseline, p-p — 
post-premedication, Laryng — laryngoscopy, OTI — 
orotracheal intubation [and number of minutes after tra- 
cheal intubation], SL — suspension laryngoscopy [and 
number of minutes after placement], RE — recovery and 
number of days after procedure, * — p<.05 over baseline. 


anesthetic technique. 


In all groups, the values of arterial blood gases 
were indicative of an appropriate gas exchange 
throughout the procedure using HFJV with an FiO2 
of 50%. 


The depth of the anesthesia itself may reduce the 
hemodynamic response. Methods to deepen anesthe- 
sia, such as an increase in inhalation anesthesia or 
higher doses of narcotic analgesics such as fentanyl 
or alfentanil, have been used with not-completely- 
satisfactory results in short surgical procedures.7:9.18,19 
Alfentanil hydrochloride at a dose of 15 ug/kg mod- 
erates the hemodynamic response, and it can prevent 
arise in BP, although it only partially suppresses the 
release of epinephrine and norepinephrine following 
tracheal intubation. A higher dose, 30 pg/kg, is re- 
quired to prevent increases in HR and prevent any 
significant increase in endogenous catecholamines 
after orotracheal intubation.? At this dose, depressant 
effects may persist after conclusion of a short surgical 
procedure such as microlaryngeal surgery. 


In order to use an anesthetic technique appropriate 
for this short surgical procedure, we have used 20 jig/ 
kg of alfentanil hydrochloride in association with 
other support drugs such as esmolol or labetalol. The 
hemodynamic response to suspension laryngoscopy 
observed in the present study was not found to be 
completely blocked with the dose of alfentanil used 
(observed in the CG). 


Labetalol is an æ- and B-adrenergic blocking agent. 


The B-adrenergic activity (both B-1 and -2) is evident 
in the absence of tachycardia and the unchanged 
cardiac response to a decreased systemic resistance 
caused by the o-blocking activity. The long half-life 
(3.5 to 4.5 hours) can maintain the bradycardic ef- 
fects for 1 to 2 hours after the last dose.9.12.15.20 


Esmolol is acardioselective B-1—adrenergic block- 
ing agent with a short duration of action. It has a rap- 


id onset of action and a short half-life (9 min- 
utes), 14.15,21,22 


The results of our study indicate that laryngoscopy, 
intubation, and suspension laryngoscopy produced a 
significant increase in HR in all groups, although this 
increase was not as marked in the EG and LG (no 
statistical significance). Esmolol and labetalol, at the 
doses administered, did not entirely block the chro- 
notropic response during the procedure. However, 
BP remained unchanged in the CG during laryn- 
goscopy and intubation. In the EG, the infusion of 
esmolol caused an initial decrease in SBP and DBP 
that can be related to the negative inotropic effect of 
this drug, which is more evident before surgical 
aggression. This effect is certainly powered by al- 
fentanil. The BP in the LG remained stable during 
laryngoscopy and intubation. In all groups, the lack 
of increase in BP during laryngoscopy and intubation 
may be related to the lesser laryngotracheal injury (in 
comparison to conventional intubation) produced by 
the small uncuffed catheter employed in HFJV. 


During persistent stretching of the laryngeal tis- 
sues in suspension laryngoscopy, the increase ob- 
served in BP was significantly lower in the EG and 
LG than in the CG. Labetalol seemed to be less 
effective than esmolol in blunting the hypertensive 
response during suspension laryngoscopy. The best 
values of arterial pressure during the surgical proce- 
dure were found in the EG. The onset and duration of 
the effects of esmolol were rapid and transient be- 
cause of the rapid metabolism of this drug in the 
blood. No patients demonstrated severe hypotension. 
On the other hand, the B-effects of labetalol persisted 
30 minutes after the surgical procedure. It is known 
that the a- and B-effects last an average of 30 and 60 
minutes, respectively.2? 


The RPP showed decreased values in the EG and 
LG with statistical significance with respect to the 
CG. The values obtained in the CG were increased, 
indicating that myocardial oxygen demand is high 
enough to be a risk factor in patients with coronary 
artery disease. In our patients, SBP changes made a 
greater contributionto the RPP decrease than did HR. 
In patients with coronary disease, RPP values higher 
than 12,000 increase the risk of ischemia,24 and the 
same risk increases in healthy patients if RPP values 
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are higher than 20,000.25 


We have demonstrated that the anesthetic tech- 
nique employed prevents a hyperdynamic response 
after laryngoscopy and intubation. However, this 
anesthetic technique cannot completely prevent the 
hyperdynamic response that occurs when the suspen- 
sion laryngoscope stretches the laryngeal tissues. We 
also think that the use of an anesthetic-only technique 
may fail in patients with hypertension or a risk of 
cardiac ischemia.?6 


In conclusion, the support of f-blocking agents 
provides hemodynamic stability during suspension 


laryngoscopy. These drugs may also help to decrease 
the hyperdynamic. response to laryngoscopy and 
intubation prior to the surgical procedure. We found 
that esmolol and labetalol were both effective in 
limiting increases in HR, BP, and RPP throughout the 
surgical procedure. Although both drugs can be used 
in microlaryngeal surgery, the cardioselectivity, rapid 
onset, and short duration of esmolol make this the 
drug of first choice in patients scheduled for micro- 
laryngeal surgery, since this is a short surgical proce- 
dure with important hyperadrenergic stimulation. 


Follow-up studies evaluating the safety and effi- 
cacy in higher-risk patients are warranted. 
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Studies from Europe have suggested that neck dissection, especially right radical neck dissection, causes a dangerous prolongation of 
the QT interval. Sudden cardiac arrest due to QT prolongation has been reported following right radical neck dissection. We investigated 
the prevalence of QT interval prolongation following neck dissection. Electrocardiogram tracings from 45 patients who underwent different 
combinations of neck dissection were studied. Preoperative and postoperative tracings were interpreted by a cardiologist blinded to the 
patient identification of each tracing. There were 28 unilateral neck dissection patients and 17 bilateral neck dissection patients eligible for 
analysis. There were 7 patients in the classic right radical neck dissection group, and only 3 of these had no neck dissection on the left. 
Comparisons of preoperative versus postoperative corrected QT interval for all subjects did not indicate a significant change. Stratification 
by neck dissection type (radical, modified or selective, and carotid artery resection) or by side dissected (left, right, or both) also showed 
no significant differences. No malignant arrhythmias were encountered. Thus, in contrast to the European experience, our findings show 
no significant predictable change in the QT interval after any of the combinations of neck dissection. Head and neck surgeons should be 
aware of the possibility of postoperative QT interval prolongation following neck dissection, although in the absence of other risk factors 


it appears to be a rare occurrence. 
KEY WORDS —- arrhythmia, neck dissection, QT interval. 


INTRODUCTION 


Previous studies in Europe have suggested that 
there is a significant risk of malignant arrhythmias 
following right radical neck dissection.! ? This has been 
thought to be associated with altered cervical sympa- 
thetic innervation to the heart leading to a delay in 
ventricular repolarization and prolongation of the QT 
interval. QT interval prolongation may lead to torsades 
de pointes and subsequently degenerate into ventricular 
fibrillation. There have also been reports of prolonga- 
tion of the QT interval after neck dissection in the 
United States,*9 but no predictable changes specifi- 
cally related to right radical neck dissection? or carotid 
artery resection? have been demonstrated in prospec- 
tive studies, This study was designed to clarify the effect 
of various neck dissections and combinations of neck 


' dissections on the QT interval. 


PATIENTS AND METHODS 


Over the course of 3 years, all patients undergoing 
neck dissection were enrolled in the study if possible. 


Patients were excluded if they had postoperative serum 
electrolyte (potassium, calcium, and magnesium) ab- 
normalities, missing data, or inadequate electrocardio- 
gram (ECG) tracings for evaluation. Patients taking 
medications known to affect QT interval, with abnor- 
mal corrected QT (QTc) intervals preoperatively, or 
with a history of known cardiac arrhythmias were also 
excluded. À previously reported prospective group of 
patients who underwent extended radical neck dissec- 
tion with carotid resection were also included in the 
analysis.Ó Preoperative 12-lead ECGs were obtained in 
all patients and controls with a 12-channel Marquette 
Electronics unit (Milwaukee, Wis). We chose to per- 
form the ECG at the earliest possible time, when the 
anesthetic effect was minimal (on the second or third 
postoperative day). We did not do serial ECGs unless 
there were abnormalities. Postoperative monitoring of 
lead II and postoperative ECGs were obtained in the 
early postoperative period. If any abnormality was 
noted, serial ECGs were obtained. The tracings were 
coded and then interpreted by a cardiologist (K.C.D.) 
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TABLE 1. STRATIFICATION OF SUBSETS TABLE 2. MEAN AND STANDARD DEVIATION OF 


QTc FOR EIGHT NECK DISSECTION GROUPS 


Neck Neck 
Dissection Dissection No. of Preop QTc Postop QTc 
Group Left Right Patients Group (ms) (ms) 
l None Radical 3 1 383 +29 440 + 36 
2 Other Radical 4 2 423 +10 430 t 16 
3 Radical Other or none 3 3 413 € 2] 430 4 46 
4 Other None 5 4 408 +23 452 t 29 
5 None Other I] 5 423 t 23 422 t 33 
6 Other Other 11 6 431 +23 434 t 41 
7* Carotid None 4 7 413417 420 + 42 
8* None Carotid 4 8 435 t 17 427+ 9 


*These groups were previously reported.® 


blinded to the patient's identity and the timing of the 
ECG. QTc was calculated with the following formula’: 
QTc = QT/V RR 

where QT is the interval in seconds from the onset of the 
QRS complex to the termination of the T wave, and RR 
is the interval in seconds between the two QRS com- 
plexes prior to the complex at which QT was measured. 
QT and RR measurements were made from lead II 
whenever possible. Heart rate was also measured from 
lead II. A QTc of greater than 0.46 millisecond is 
considered prolonged in this study. This is the standard 
in our laboratory. Blood was obtained from the patients 
to exclude electrolyte abnormalities. 


Results were analyzed by comparing preoperative 
and postoperative results for the entire group of pa- 
tients, as well as for different subsets after stratification. 
The differences in mean values were considered statis- 
tically significant if p< .05 on paired Student's t-test and 
analysis of variance where appropriate. Bonferroni 
correction for multiple components was used where 
appropriate. All calculations were performed with a 
microcomputer implementation of the statistical soft- 
ware package SAS. 


RESULTS 


A large number of patients were deemed ineligible 
due to exclusion criteria. We eliminated these patients 
to purify our groups as much as possible fromany effect 
other than the specific surgery performed. Many of the 
patients who were excluded from the study did have 
transient changes in QTc, some over the normal limit, 
but all changes were felt to be due to exclusion criteria. 
To date, 45 patients have adequate data for analysis. 
They are stratified in Table 1.9 Modified and selective 
neck dissection are grouped together in this study as 
“other,” by convention. The groups were comparable 
in terms of age, duration of anesthesia, and anesthetic 
techniques. 

Mean preoperative and postoperative QTc for each 
group are summarized in Table 2. Comparison of post- 
operative QTc for all patients is shown in the Figure, A, 


and comparison of right radical neck dissection groups 
(groups 1 and 2) to all other patients is in the Figure, B. 
Comparison ofthe change in QTc for all right-only neck 
dissections (groups 1, 5, and 8) to that for all other neck 
dissections is in the Figure, C. Analysis of variance 
comparing preoperative versus postoperative intervals 
for all patients shows no significant change. The mean 
value of QTc was not considered prolonged in any of the 
groups. Although there was a prolongation of the QTc 
interval in some patients, there were no significant 
differences between groups, andnoclear pattern emerged 
to suggest that any of the groups are at higher risk of 
such changes. In the right radical neck dissection—only 
group, 1 patient out of 3 had a significant prolongation 
of the QT interval, from 0.35 to 0.48 milliseconds, but 
this did not result in any arrhythmia. The preoperative 
QTc value caused the low mean QTc value in group 1. 
There were 5 other patients who had a postoperative 
QTc above the normal range: 1 in group 3, 1 in group 
4, 1 in group 5, and 2 in group 6 (in addition to the 
previously reported transient increases in QTc for 1 
patient in group 7 and 2 patients in group 89). None of 
these patients had further abnormalities on serial ECGs. 


DISCUSSION 


Hugenholtz! first reported a case of prolonged QT 
interval after right radical neck dissection in 1967. 
Otteni et al,? in 1983, studied 60 patients who under- 
went radical neck dissection. They found a consistent 
and apparently permanent prolongation of the QT inter- 
val in the majority of patients who underwent right 
radical neck dissection, but this effect did not occur after 
left radical neck dissection. Three of their 32 patients 
who underwent right radical neck dissection developed 
extremely long QT prolongation with subsequent tor- 
sades de pointes and ventricular fibrillation.? One of the 
patients died, possibly due to this phenomenon. A study 
in the German literature? appears to support the concept 
raised by the French study? of right radical neck dissec- 
tion leading to a prolonged QT interval. In 1993, Strick- 
land et al* reported a case of prolonged QT interval and 
cardiac arrest in a young woman who underwent a right 
supraomohyoid selective neck dissection. The arrest 
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Comparisons of postoperative corrected QT in- 
tervals (p values were not significant). A) For all 
patients. B) For groups 1 and 2 combined versus 
all other groups combined. C) For groups 1, 5, 
and 8 combined versus all other groups com- 
bined. 
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was felt to be secondary to a congenital QT prolonga- 
tion. Although the authors did not conclude that the 
arrhythmia was related to the neck dissection, this case 
raises the question of whether even a selective right- 
sided neck dissection may result in arrhythmia in a high- 
risk patient. A prospective trial was conducted by Ac- 
quadro et al,’ dividing patients who underwent “exten- 
sive" neck surgery into three groups (right, left, and no 
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neck dissection). Although they did note a significant 
change in the QT interval in all three groups and in the 
entire population, no differences between groups were 
found to suggest that right-sided neck dissection is any 
riskier than left neck dissection orneck surgery without 
neck dissection. They concluded that acquired long QT 
syndrome is unlikely to trigger malignant arrhythmias 
following radical neck dissectionin the absence of other 
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risk factors such as congenital, metabolic, or pharma- 
cologic disturbances. We now have a small group of 
prospectively studied patients in several representative 
groups. We cannot find any difference between these 
groups, comparing any combinations of these groups. 
No malignant arrhythmias have occurred in the 3 years 
that the study has been open. We believe that the strict 
exclusion criteria are necessary, but they have made 
accrual slow. 


We speculate that our exclusion criteria have al- 
lowed us to analyze a more homogeneous group of pa- 
tients, and that is why our results differ from those of the 
European study. Although the Acquadro et a? study did 
find a significant prolongation of the QT interval after 
neck dissection and we did not, their overall clinical 
conclusion is the same as ours: that neck dissection is 
unlikely to trigger malignant arrhythmias. Both our 
study and the Acquadro et al study differ from those of 
the European literature. One possible explanation for 
the differences between our data and those of the 
Acquadro et al study is that the ECGs were done at 1 to 
3 hours postoperatively in the Acquadro et al study, 
when anesthetic effects may still have been present. A 
much larger number of patients would be necessary to 
definitively quantitate the relative risk for each of our 
neck dissection groups, but such astudy would be labor- 
intensive, expensive, and very difficult to control for 
nonsurgical factors. Even if these were controlled for, 
the large number of surgical variables would seem to 
make the task virtually impossible. 


We still believe that the operating head and neck 
surgeon must be aware of prolonged QT syndrome and 
its possible relationship to cervical sympathetic nerves 
and neck dissection. The association of long QT syn- 
drome with deafness has been established, but no 
anatomic connection is known to link this type of QT 
prolongation with the type that occurs after neck dissec- 
tion. However, Jackman et al? have classified congeni- 
tal long QT and neck dissection-induced long QT 
together in the “adrenergic dependent" group of long 
QT syndromes. À number of factors such as hypocal- 
cemia,!° hypokalemia,!! drugs and anesthetic agents, ! 
and genetic alterations!? have all been associated with 
long QT syndrome. Yanowitz et al,!^ in 1966, demon- 
strated that right and left stellate ganglion lesions pro- 
long and shorten the QT interval, respectively, in dogs; 
and left stellate ganglionectomy has been effective as a 
therapeutic maneuver in long QT syndrome.!5-!7 Al- 
though the effect is rare, this might explain why right 
neck dissections could have a prolonging effect on the 
QT interval. Theoretically, left neck dissection might 
havethe opposite effect. Leftstellate ganglionectomy is 
often effective when pharmacologic management in- 
cluding B-adrenergic blockers, other supportive mea- 
sures for metabolic disturbances, and cardiac pacing 
fail.!© Therapy for long QT syndrome should be indi- 
vidualized.!é Anatomic and neurophysiologic studies 
to date have been limited to animal models. Further 
studies are warranted to clarify the precise cervico- 
thoracic neuroanatomic and neurophysiologic sympa- 
thetic pathways to the ventricles of the human heart. 
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INTRODUCTION 


Central nervous system (CNS) complications of 
otitis media are rare today because of the develop- 
ment of effective antimicrobial agents. A case of 
simultaneous multiple intracranial abscesses is pre- 
sented. A high index of suspicion should be main- 
tained in the early detection and treatment of otitis 
media and its complications. 


CASE REPORT 


A 15-year-old girl was admitted because of a 2- 
week history of fever, headache, vomiting, and grand 
mal seizures. She had an 8-year history of chronic 
otitis media with symptoms of purulent otorrhea, 
otalgia, and hearing loss. She had been previously 





Fig 1. Brain computed tomogram with contrast showing 
right posterior temporal abscess (arrow) and posterior 
parafalcial subdural empyema (arrowhead), 


treated with systemic antibiotics and ear drops. 


On admission, she was febrile (39°C) and had a 
right-sided facial palsy with spontaneous nystagmus, 
papilledema, severe cerebellar ataxia, fluctuating 
retroauricular swelling, and a right-sided purulent, 
malodorous otorrhea. She also showed signs of men- 
ingeal irritation. Computed tomography (CT) of the 
brain and temporal bones revealed a right posterior 
temporal abscess and a posterior parafalcial subdural 
empyema. There was also a right cerebellar abscess 
and thrombosis of the right sigmoid sinus. The right 
mastoid was opacified, with an associated dural en- 
hancement and granulation tissue (Figs 1 and 2). She 
was started on gentamicin sulfate (60 mg every 12 
hours), metronidazole hydrochloride (500 mg every 





Fig 2. Computed tomogram of brain and temporal bone 
with contrast showing opacification of right mastoid with 
associated dural enhancement (small arrow) and right 
sigmoid vein thrombosis (arrowhead). There is also ri ght 
cerebellar abscess (large arrow). 
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8 hours), and ampicillin sodium (2 g every 6 hours). 
The patient underwent surgery. The brain abscesses 
were drained through a right parieto-occipital crani- 
otomy, and a right cortical mastoidectomy was per- 
formed with removal of antral granulations. The 
posterior fossa bone was dehiscent, and the sigmoid 
sinus was not thrombosed. The patient defervesced 
postoperatively and remained stable. Cultures of the 
aural discharge and abscess material grew Proteus 
mirabilis and Pseudomonas aeruginosa. 


Two months later, the right temporal lobe abscess 
re-collected and was drained again. The patient im- 
proved gradually, with recovery of her neurologic 
status, but retained a right sensorineural hearing loss. 
The patient was, however, lost to follow-up in the 
outpatient clinic. 


DISCUSSION 


Today, only infrequent reports of CNS complica- 
tions of ear disease appear.! Multiple brain ab- 
scesses are uncommon and, when present, usually 
result from meningitis occurring in neonates or in- 
fants.? However, although rare, CNS complications 
of ear disease continue to cause a significant morbid- 
ity and mortality. While the mortality is much lower 
than in the preantibiotic era, it is still alarmingly high, 
being approximately 10% overall.4 Continued vigi- 
lance must therefore be kept up in order to detect 
complications of otitis media early in their course. 
Familiarity with the early signs and symptoms of 
complications of middle ear disease is essential to 
early diagnosis. These include fever associated with 
a chronic perforation, retro-orbital pain on the side of 
the infected ear (petrositis), and vertigo and nystag- 
mus. Other signs include facial paralysis on the side 
of an infected ear, headache and/or lethargy, papill- 
edema, meningismus, focal neurologic signs and/or 
seizures, and othercatastrophic neurologic signs such 
as loss of consciousness or rapidly progressive neu- 
rologic signs and symptoms in a patient with otitis 
media. The intracranial complications range from 
meningitis to otitic hydrocephalus and include sub- 


dural abscess, extradural abscess and granulation, 
labyrinthitis, sigmoid sinus thrombosis, and brain 
abscesses, especially temporal and cerebellar. It is 
interesting to note that our patient presented with all 
of the above complications. 


The traditional pathways of infections spreading 
from the ear centrally remain the present avenues for 
CNS complications. These pathways are either direct 
extension through bone by cholesteatoma or os- 
teomyelitis, spread by thrombophlebitis, extension 
through preformed pathways, or a combination of 
these. The pathology and pathogenesis of these com- 
plications is extensively covered in the literature. 
Management of complications includes drainage of 
abscesses, cortical mastoidectomy, and antibiotic 
therapy. Prevention, however, of these complica- 
tions is the best cure. As stated by Gower and McGuirt,4 
whereas the care of acute ear disease is generally 
antibiotic therapy, local drainage procedures should 
never be avoided, since they hasten resolution of the 
focus of CNS complications and provide material for 
comparative cultures. The clinical course of a patient 
with acute otitis media should be continuously moni- 
tored to allow further surgical intervention if im- 
provement fails even with appropriate antibiotherapy, 
or more significantly, if the patient’s condition dete- 
riorates following the original surgical drainage pro- 
cedure. 


Computed tomography has expanded our ability to 
identify early bony destructive lesions in the mastoid. 
However, CNS complications may occur with little 
or no CT evidence of bone destruction. Magnetic 
resonance imaging with gadolinium may be useful in 
detecting early extradural abscess formation and sig- 
moid sinus thrombosis, though we did not use this 
method of imaging in this case. 


Despite the availability of these modern diagnostic 
tools, these complications still occur, and the clini- 
cian should be familiar with the early signs and 
symptoms of complications of otitis media in order to 
render early diagnosis and treatment. 
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INTRODUCTION 


Mucormycosis is an uncommon and potentially 
fatal fungal infection of paranasal sinuses and neigh- 
boring structures. Usually, affected patients are un- 
controlled diabetics and those immunologically com- 
promised. The causative organisms are Mucorales, 
which are one of the subgroups of Phycomycetes. 
Absidia, Rhizopus, and Mucor are the most common 
members of this family that cause disease in hu- 
mans.! 


Mucormycosis may occur in several locations in 
the body. Classically, the rhinocerebral form is en- 
countered most often in uncontrolled diabetics, while 
the pulmonary and disseminated forms occur in 
nondiabetic immunosuppressed patients. The most 
common presentations are rhinoorbital or rhinoor- 
bitocerebral forms. Once the sinonasal tract is in- 
volved, the organism first attacks the arteries and, 
following this, the vascular pathways, and reaches to 
the orbital and intracranial structures. Facial swell- 
ing, facial pain, proptosis, and ophthalmoplegia are 
common alerting symptoms and signs reflecting the 


Fig 1. Preoperative computed tomography scan 
at level of orbits and ethmoid sinuses. Note soft 
tissue density infiltrating retroorbital space and 
orbital apex. 


progression of the disease in uncontrolled diabetics 
or immunocompromised patients. 


While the definitive diagnosis is achieved by his- 
topathologic examination of the affected tissue and 
demonstration of nonseptate hyphae with right-angle 
branching, computed tomography (CT) scanning is 
the best imaging procedure either in early diagnosis 
or in assessing the extent of the disease. It must be 
performed in every patient with a suspicion of mu- 
cormycosis. 


In this article, we present an uncommon CT ap- 
pearance of a sinoorbital mucormycosis case and 
discuss the CT findings in light of the literature. 


CASE REPORT 


A 70-year-old diabetic woman was referred to our 
department with facial swelling and loss of vision in 
the right eye that had developed in the last 15 days. 
The patient had been judged to have periorbital 
cellulitis and treated with antibiotics and steroids in 
another hospital during this period. At the time of 
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Fig 2. Coronal computed tomography scan shows calci- 
fied mass in right sphenoid sinus. 


referral, the patient was in ketoacidotic coma. A 
right-sided total ophthalmoplegia, proptosis, facial 
swelling, and black crusting of the ipsilateral nasal 
vestibule were also noted. Computed tomography 
revealed pansinusitis and granulation tissue infiltrat- 
ing the medial half of the right orbit (Fig 1). With a 
presumptive diagnosis of rhinoorbital mucormycosis, 
a transnasal biopsy of the right inferior concha was 
performed. The pathologic examination revealed non- 
septate hyphae and necrotizing vasculitis, confirm- 
ing the clinical diagnosis. 


In addition to a right Caldwell-Luc procedure and 
ethmoidectomy, a sphenoid sinusotomy and a right 
orbital exenteration were performed. The sphenoid 
sinus mucosa was found to be intact at surgical 
exploration. Postoperatively, amphotericin B was 
given until a total cumulative dose of 2.0 g was 
reached. The patient was discharged upon comple- 
tion of this treatment. On the first-month follow-up 
CT examination, a calcified mass in the right sphe- 
noid sinus and some erosion of the posterior sinus 
wall were noted (Fig 2). The patient was reexplored 
and a calcified fungus ball and thickened mucosa 
were removed from the right sphenoid sinus. The 
final pathologic diagnosis was reported as fungal 
mycetoma consistent with mucormycosis. 


DISCUSSION 


In the presence of sinusitis-like symptoms, in 
every case of diabetes mellitus and every patient with 
immunosuppression, rhinocerebral mucormycosis 
should be suspected until disproven. It has been 
postulated that decreased polymorphonuclear leuko- 


cyte phagocytic activity and myeloperoxidase activ- 
ity in diabetic patients are responsible for develop- 
ment of this destructive process.! Survival rates are 
60% and 20% in diabetic and immunosuppressed 
patients, respectively. Due to its rapidly progressive 
and destructive nature, rhinocerebral mucormycosis 
represents one of the true rhinitis emergencies.? Prog- 
nosis is directly related to a high index of suspicion, 
prompt diagnosis, and treatment of the underlying 
medical condition. Once a Mucorales infection is 
confirmed histopathologically, amphotericin B and 
aggressive surgical debridement should be adminis- 
tered without hesitancy. 


While histopathologic examination yields the de- 
finitive diagnosis in mucormycosis, CT examination 
gives the best results in early diagnosis and defining 
the extent of the disease.! Despite this fact, in the 
early stages of disease, CT findings may be consid- 
ered as nonspecific.* Mucosal thickening, which 1s 
the most common early CT finding, is similar to that 
caused by other inflammatory conditions. The differ- 
entiation between CT findings of Mucor mucositis 
and common inflammatory sinus disease is clinically 
based on the presence of diabetic ketoacidosis, signs 
of orbital involvement, and infiltration of deep facial 
tissues by an inflammatory process. 


Involvement of orbital contents is an intermediate 
stage that exists before the disease becomes intracra- 
nial. Intraorbital fungus foci easily penetrate into the 
retroorbital space, cavernous sinus, and cerebrum by 
following certain vascular pathways. Preseptal edema, 
proptosis, infiltration of the orbital fat, and thicken- 
ing ofthe extraocular muscles constitute common CT 
appearances of orbital involvement. In our case, the 
presence of cavernous sinus opacification in addition 
to the orbital infiltration revealed by the first preop- 
erative CT examination clearly defined the vascular 
pathways (Fig 1). Bone destruction is usually consid- 
ered to be a late sign.? As reported by Zinreich et al,° 
CT yields very critical information for distinguishing 
fungal sinusitis from bacterial sinusitis and sinonasal 
neoplasms. The most important finding is scattered 
areas of increased attenuation, which are believed to 
be caused by ferromagnetic material produced by 
fungi. 


In this case, the postoperative CT examination 
revealed a calcified mass in the right sphenoid sinus 
without any sign of further clinical exacerbation of 
the disease. At surgical exploration, the mass was 
easily removed via a previously created sphenoid 
sinusotomy. The sinus mucosa seemed to be grossly 
intact, but was removed for histopathologic examina- 
tion. The pathologic diagnosis was reported as a 
calcified mucor fungus ball and normal sinus mu- 


Saydam et al, Imaging Case Study of the Month 


cosa. Fungus balls or *mycetomas" consist of cheesy, 
thick or solid material.” These structures consist of 
fungal foci that also produce macromolecular pro- 
teins, carbohydrates, and ferromagnetic elements.$ 
Principles of successful treatment of a noninvasive 
mucor sinus ball are removal of the fungal mass and 
establishment of adequate sinus drainage and also 
close follow-up of the patient's underlying medical 
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condition. Additionally, the innovative amphotericin 
B treatment places mucormycosis into the classifica- 
tion of less-dreaded diseases today. Also, having 
sophisticated diagnostic tools, such as CT and mag- 
netic resonance imaging, helps us to make a definite 
preoperative or postoperative diagnosis even in very 
circumscribed cases, such as that described in this 
article. 
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Inaminority of patients with malignant tumors, signs and symptoms develop that cannot be explained on the basis of the mass effect 
produced by the primary tumor or its metastases, or production of a hormone normally associated with the tissue type that has given rise 
to the malignant tumor; these peculiar symptom complexes are known as paraneoplastic syndromes, and may be divided into 
endocrinologic, dermatologic, hematologic, neurologic, and osteoarticular manifestations. In the head and neck region in particular, the 
syndrome of inappropriate antidiuretic hormone production (SIADH, or Schwartz-Bartter syndrome) is a well-recognized form of 
paraneoplastic syndrome that may accompany head and neck malignancies. Most of such tumors are squamous carcinomas, with lesser 
numbers of olfactory neuroblastomas, small cell neuroendocrine carcinomas, adenoid cystic carcinomas, and undifferentiated 
carcinomas; sarcoma was reported in only a single instance. The lesions associated with the development of SIADH have most often been 
located in the oral cavity, and less often in the larynx, nasopharynx, hypopharynx, nasal cavity, maxillary sinus, parapharyngeal space, 
salivary glands, and oropharynx. Key features of SIADH include serum hypo-osmolality; an unexpectedly high urinary specific gravity; 
an absence of edema or dehydration; normal adrenal, thyroid, and renal function; hyponatremia; and an elevation of plasma vasopressin. 


Paraneoplastic syndromes are systemic and non- 
metastatic manifestations associated with a variety of 
malignant neoplasms and develop in a minority of 
cancer patients. Specifically, many forms of primary 
and metastatic malignancies in the head and neck 
area may on occasion cause a variety of metabolic 
and other disturbances that are important causes of 
symptoms. These “paraneoplastic symptoms" are 
produced as a result of secretion of hormones by 
tumor or by ill-understood mechanisms that give rise 
to different syndromes (cutaneous, endocrine, hema- 
tologic, neurologic, osteoarticular; Table 1). As a 
rule, paraneoplastic symptoms develop at sites re- 
mote from the primary tumor and so are not due to 
metastases. Different terms such as paraneoplastic 
syndromes, paraneoplastic effects, nonmetastatic syn- 
dromes, paraneoplastic phenomena, paraneoplastic 
disturbances, and remote effects have all been em- 
ployed at one time or another to refer to development 
of symptoms that are not referable to either the pri- 
mary mass lesion or any metastases, but rather appear 
to be associated with the tumor on the basis of some 
other mechanism. Lung carcinomas, especially oat 
cell carcinoma and squamous cell carcinoma, are the 
most common tumors causing paraneoplastic syn- 
dromes. 


Ectopic or inappropriate hormone secretion caus- 
ing clinically manifest syndromes is uncommon in 
patients with cancer of the head and neck. The most 
important of these is the syndrome of inappropriate 
secretion of arginine vasopressin, known as Schwartz- 
Bartter syndrome or as the syndrome of inappropriate 
secretion of antidiuretic hormone (SIADH). Antidi- 
uretic hormone (ADH) orits biologically active form 
in humans, ie, arginine vasopressin, is normally syn- 
thesized in the hypothalamus (supraoptic nucleus) 
and then transported through the hypothalamic- 
neurohypophyseal stalk to the posterior pituitary, 
where it is stored and finally released. Antidiuretic 
hormone physiologically participates in maintaining 
a constant serum osmolality and intravascular vol- 
ume, acting on the renal tubular apparatus by retain- 
ing water and concentrating urine. This syndrome is 
associated with a large variety of neoplastic and non- 
neoplastic processes, including central nervous sys- 
tem lesions, pulmonary diseases, trauma, and drugs 
(including those used to treat malignancies; Table 2!) 
and may be experimentally induced in dogs by in- 
creasing cerebral venous pressure.” 


Schwartz et al? first described SIADH in 1957, in 
patients with bronchogenic cancer. Although small 
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TABLE 1. CLASSIFICATION OF PARANEOPLASTIC 
SYNDROMES OBSERVED IN HEAD AND NECK 
MALIGNANCIES 
Paraneoplastic cutaneous or dermatologic syndromes 
Acanthosis nigricans 
Bazex's syndrome (paraneoplastic acrokeratosis) 
Bowen's disease 
Bullous pemphigoid 
Dermatomyositis 
Sweet's syndrome 
Tripe palms 
Yellow nail syndrome 
Paraneoplastic endocrine syndromes 
Calcitonin ) 
Carcinoid syndrome 


Cushing's syndrome or ectopic adrenocorticotrophic 
hormone syndrome 


Nonmetastatic hypercalcemia 


Schwartz-Bartter syndrome or syndrome of inappropriate 
secretion of antidiuretic hormone (SIADH) 


Paraneoplastic hematologic syndromes 


Thrombophlebitis migrans or migratory thrombophlebitis or 
Trousseau's syndrome 


Consumption coagulopathies 
Leukocytosis 
Paraneoplastic neurologic syndromes 
Eaton-Lambert myasthenic syndrome 
Paraneoplastic osteoarticular syndromes 
‘Hypertrophic osteoarthropathy 


cell lung cancer is the most common cause of SIADH, 
the syndrome has been associated with many differ- 
ent types of tumors, including pancreatic carcinoma, 
duodenal carcinoma, prostatic carcinoma, bladder 
carcinoma, mesothelioma, lymphomas, Hodgkin's 
disease, acute myelogenous leukemia, thymoma, and 
adrenocortical carcinoma. The present article de- 
scribes cancers of the head and neck associated with 
SIADH. 


The syndrome (SIADH) is characterized by exces- 
sive blood levels or actions of vasopressin associated 
with hyponatremia without edema. The inability to 
excrete a dilute urine implies a subsequent retention 
of the ingested fluids with expansion of the extracel- 
lular fluid volume without edema. Hyponatremia is 
due to both sodium dilution in a larger extracellular 
fluid volume, and its higher urinary excretion caused 
by a decreased reabsorption in the proximal renal 
tubular tract because of the increased extracellular 
fluid volume. 


The syndrome is more commonly associated with 
cancers of the head and neck than previously thought,* 
and in a review of the literature we collected 70 cases 
of SIADH-associated malignancies of these areas 
(Table 3429), Only in 1976, 19 years after the first 


ABLE 2. CAUSES OF SIADH — 1 — 
Malignant neoplasms with autonomous arginine vasopressin 
release 
Small cell lung cancer 
Cancers of head and neck 
Other types of tumors in different sites of body 
Olfactory neuroblastoma 
Pancreatic carcinoma 
Mesothelioma 
Lymphomas, Hodgkin's disease 
Duodenal carcinoma 
Thymoma 
Adrenocortical carcinoma 
Pulmonary diseases 
Tuberculosis 
Lung abscess 
Pneumonia 
Viral pneumonitis 
Empyema 
Chronic obstructive airway disease 
Central nervous system disorders 
Trauma 
Skull fracture 
Subdural hematoma 
Subarachnoid hemorrhage 
Cerebral vascular thrombosis 
Cerebral atrophy 
Intracranial space-occupying lesions 
Primary and metastatic tumor 
Infections 
Acute encephalitis 
Tuberculous meningitis 
Purulent meningitis 
Lues 
Guillain-Barré syndrome 
Vasculitis 
Lupus erythematosus 
Acute intermittent porphyria 
Pain and emotional stress 
Drugs 
Chlorpropamide 
Vincristine sulfate 
Vinblastine sulfate 
Cyclophosphamide 
Carbamazepine 
Oxytocin 
General anesthesia 
Narcotics 
Tricyclic antidepressants 
Miscellaneous causes 
Hypothyroidism 
Positive-pressure respiration 
Modified from Moses and Streeten.! 


description of SIADH, was it found in association 
with a head and neck cancer? Between then and 
1991, only 19 cases were detected.9-7? It was in 1992 
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TABLE 3. SIADH ASSOCIATED WITH MALIGNANCIES OF HEAD AND NECK 


Authors Year No. of Cases 
Moses et al? 1976 2 
Forrest et alé 1978 I 
Robertson’ 1978 1 
Trotoux et al8 1979 1 
Singh et al? 1980 1 
Yokokawa et al!9 1981 1 
Srigley et al!! 1983 1 
Cullen et al!? 1986 1 
Hayes et al!? 1986 2 
Osterman et al!4 1986 1 
Kandylis et all? 1986 1 
Okutomi et al!6 1987 l 
Abdi and Bishop!? 1988 I 
Tatemoto et al!8 1989 1 
Takeuchi et all? 1989 | 
Zohar et al? 1991 4 
Kavanagh et al?! 1992 1 
Talmi et al* 1992 43 
Al Ahwal et al?2 1994 1 
Kokatsu and Tsukuda?? 1994 1 
Pierce et al 1994 1 
Roth et al25 1994 l 
Myers and Kessimian6 1995 1 


Location Tumor Type 
Larynx SCC 
Tongue SCC 
Tongue SCC 
Larynx SCNC 
Nasal cavity ON 
Nasopharynx Sarcoma 
Nasal cavity ON 

Nasal cavity ON 
Oropharynx, oral cavity SCC 

Nasal cavity ON 
Pyriform sinus SCC 

Floor of mouth SCC 
Tongue SCC 

Nasal cavity ACC 
Larynx SCNC 
Larynx (3), pyriform sinus (1) SCC 
Nasopharynx UC . 

Oral cavity (24) SCC 
Hypopharynx (5) SCC 
Nasopharynx (6) SCC (5), ACC (1) 
Larynx (4) SCC 
Salivary glands (2) SCC (1), ACC (1) 
Parapharyngeal space (2) SCC 
Maxillary sinus ON 
Nasopharynx UC 
Maxillary sinus SCNC* 
Larynx SCC 
Larynx SCNC 


SCC — squamous cell carcinoma, SCNC — small cell neuroendocrine carcinoma, ON — olfactory neuroblastoma, ACC —- adenoid cystic 


carcinoma, UC — undifferentiated carcinoma. 


*In article, neoplasm was generically indicated as extrapulmonary small cell cancer. 


that Talmi et al^ presented the largest series to date of 
head and neck cancer patients with SIADH, a report 
of 43 patients drawn from a review of the University 
of Iowa Tumor Registry. This retrospective review 
identified a 3% incidence of SIADH among 1,436 
patients with head and neck cancers and included an 
examination of relevant laboratory values and exclu- 
sion of other causes of hypo-osmolality and hypo- 
natremia for each patient. 


The most common site of occurrence was the oral 
cavity, with 29 detected cases (29 of 70 or 41.43%). 
In 13 patients the larynx was involved (13 of 70 or 
18.57%), while nasopharyngeal malignancies were 
found in 9 cases (9 of 70 or 12.86%). In 7 cases (7 of 
70 or 10.00%) the cancer was localized in the hy- 
popharyngeal area, and in 5 cases (5 of 70 or 7.14%) 
the lesion involved the nasal cavity. Other regions of 
involvement were the maxillary sinus (2 cases), para- 
pharyngeal space (2), salivary glands (2), and oro- 


pharynx (1; Table 44-26). The case reported by Kun- 
daje and Shenoy?’ was not included in Table 4, be- 
cause the authors reported a case of SIADH due toa 
metastatic squamous cell carcinoma (froma probable 
primary lung carcinoma) diagnosed in a supracla- 
vicular lymph node biopsy. 


The histologic tumor type most frequently present 
was squamous cell carcinoma, with 55 of 70 cases 
(78.57%); however, other tumor types, such as olfac- 
tory neuroblastoma, adenoid cystic carcinoma, small 
cell neuroendocrine carcinoma, undifferentiated car- 
cinoma, and sarcoma, were found (Table 5426), 


The syndrome has been observed after induction 
chemotherapy for advanced squamous cell carcino- 
mas of the head and neck,! in patients with recurrent 
neoplasms,‘ and after neck dissection.?52? 


The syndrome may precede the presentation of the 
cancer by a few weeks or months.®:2? In 1979, Trotoux 
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TABLE 4. LOCATION OF TUMORS OF HEAD AND 
NECK ASSOCIATED WITH SIADH 


No. of 
Site Cases 
Oral cavity 29 
Larynx 13 
Nasopharynx 9 
Hypopharynx 7 
Nasal cavity 5 
Maxillary sinus 2 
Parapharyngeal space 2 
salivary glands 2 
Oropharynx 1 
Total 70 


Information from references 4-26. 


et al? described Schwartz-Bartter syndrome in a 61- 
year-old man that led to the detection of a small cell 
carcinoma of the subglottic region. The patient pre- 
sented with initia] headache, confusion, temporo- 
spatial disorientation, hyperreflexia, hyponatremia, 
hypochloremia, serum hypo-osmolarity, reduced 
hematocrit, negative free water clearance, and high 
plasma levels of ADH. The diagnosis of the sub- 
glottic tumor was only made 3 months later. In 1994, 
Al Ahwal et al? reported a case of olfactory neuro- 
blastoma in a 27-year-old man who initially pre- 
sented with STADH manifesting as nausea, vomiting, 
hyponatremia, and a serum osmolality of 225 mmol/ 
kg. No lower limb edema was present. After a few 
weeks, a neoplastic lesion of the right maxillary sinus 
was discovered. 


Clinically, water retention causes weight gain, but 
the symptomatology is mainly characterized by neu- 
rologic signs due to cerebral edema caused by water 
passage from the hypotonic extracellular fluid vol- 
ume to the nerve cells. For these reasons, the manifes- 
tations of SIADH depend on its grade. In mild SIADH 
(serum sodium concentration 130 to 135 mmol/L, or 
gradual development over several weeks) symptoms 
may be absent or limited to nausea, anorexia, and 
vomiting. When hyponatremia is severe or acute, the 


TABLE 5. HISTOLOGY OF TUMORS OF HEAD AND 
NECK ASSOCIATED WITH SIADH 


Histotype No. of Cases 
Squamous cell carcinoma 55 
Olfactory neuroblastoma 5 
small cell neuroendocrine carcinoma 4* 
Adenoid cystic carcinoma 3 
Undifferentiated carcinoma 2 
Sarcoma 1 
Total 70 


Information from references 4-26. 
*In 1 case, neoplasm was generically indicated as extrapulmonary 
small cell cancer. 


most important symptoms are body weight increases, 
weakness, lethargy, confusion, convulsions, and co- 
ma. 


A diagnosis of SIADH should be considered in 
patients initially presenting with hyponatremia («135 
mEq/L) and a urine concentration (urine osmolality) 
or a urine specific gravity greater than expected for 
serum osmolality (urine osmolality » 300 mmol/kg; 
urine specific gravity > 1.015; serum osmolality < 
280 mOsm/kg; Table 6). A urinary sodium concen- 
tration of >20 mEq/L is suggestive of the syndrome. 
These signs are associated with lethargy and an ab- 
sence of edema, orthostatic hypotension and the 
appearance of dehydration. 


The syndrome has to be distinguished from other 
diseases causing a similar clinical picture. It is neces- 
sary to exclude other causes of hyponatremia: dilu- 
tional hyponatremias, hyponatremic edema states, 
hypertensive states, primary polydipsia, pseudohy- 
ponatremia, and essential hyponatremia (sick-cell 
syndrome). Dilutional hyponatremias are present in 
patients with adrenal insufficiency, excessive fluid 
loss (from vomiting, diarrhea, drug-induced diuresis, 
and excessive sweating), fluid deprivation, and, prob- 
ably, positive-pressure respiration. In adrenocortical 
insufficiency, orthostatic hypotension with tachy- 
cardia and an elevated or high-normal blood urea 
nitrogen are characteristic. Hyponatremic edematous 
states are caused by congestive heart failure, cirrhosis 
with ascites, nephrosis, orthostatic edema, myxedema 
(hypothyroidism), and treatment with sodium-retain- 
ing drugs (fludrocortisone acetate, nonsteroidal anti- 
inflammatory agents, and others). Hypertensive states 
associated with hyponatremia are present in patients 
with renovascular stenosis or diuretic therapy. Pri- 
mary polydipsia is always associated with a dilute 
urine (osmolality > 150 mmol/kg). Pseudohyponatre- 
mia is combined with excessive plasma glucose, 
triglyceride, or protein concentrations. Sick-cell syn- 


TABLE 6. PARAMETERS THAT HAVE TO BE MET TO 
MAKE DIAGNOSIS OF SIADH 
Serum hypo-osmolality (usually <280 mOsm/kg) 


Urine concentration or specific gravity greater than expected for 
serum osmolality: continued urinary excretion of sodium; 
urine osmolality of 2500 mOsm/kg or >300 mmol/kg; urinary 
concentration of sodium of >20 mEq/L 


No edema, orthostatic hypotension, or features of dehydration 
No evidence of volume depletion 

Normal adrenal, thyroid, and renal function 

Usually, elevated plasma concentrations of vasopressin 


Hypouricemia due to increased renal clearance, hypocreatini- 
nemia, and hypoalbuminemia 


Hyponatremia (<135 mEq/L) 
Low-normal or subnormal range of blood urea nitrogen 
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drome is characterized by hyponatremia due to a 
subnormal setting of the hypothalamic osmorecep- 
tors, associated usually with a chronic, debilitating 
disease.! 


The symptoms of SIADH are frequently treatable. 
Treatment comprises limiting fluid intake in less 


serious cases. In severe cases this syndrome should 
be treated with a hypertonic saline solution (346 sa- 
line) and furosemide. The treatment of choice in tu- 
mor relapse and recurrent SIADH is demeclocycline 
(600 to 1,200 mg/d in divided doses).3° The progno- 
sis depends on the underlying malignancy and its 
treatment. 
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FIRST WORLD CONGRESS OF OTORHINOLARYNGOLOGIC ALLERGY, ENDOSCOPY AND LASER SURGERY 


The First World Congress of Otorhinolaryngologic Allergy, Endoscopy and Laser Surgery will be held in Athens, Greece, June 25- 
27, 1998. For more information, contact Nereus Tours, Congress & Conference Department, 2 Afentouli Street, 185 36 Piraeus, Greece; 
telephone 1-4524842; fax 1-4182308. 


R 


GERIATRIC LARYNGOLOGY —- EVALUATION AND MANAGEMENT OF THE AGING VOICE 


Geriatric Laryngology — Evaluation and Management of the Aging Voice will be held November 13, 1997, in New York, NY. For 
information, contact Julia Baumgarten, Manager, Institute for Continuing Medical Education, The New York Eye & Ear Infirmary, 310 
E 14th St, New York, NY 10003; telephone (212) 979-4430; fax (212) 979-4441. 


LETTERS TO THE EDITOR 


To the Editor: 


I am writing concerning the article by Laszig et al called 
"Nucleus 20-Channel and 21-Channel Auditory Brain Stem 
Implants: First European Experiences" (Ann Otol Rhinol Laryngol 
Suppl 1995;104[suppl 166]:28-30) and other papers related to 
electrical stimulation of the central hearing structures published 
in the same supplement. Implantation of electrodes on the brain 
surface for the purpose of generating auditory sensation in deaf 
patients has been performed by a number of teams over the past 
20 years.!-3 The early electrode consisted of two platinum plates 
mounted on insulating material. This and later types of electrodes 
were placed until the early 1990s, such that “three quarters of its 
length was positioned medial and one quarter was lateral to the 
taenia.”> However, almost the entire cochlear nucleus is covered 
by the fourth ventricle velum and the taenia. The latter must be cut 
through to place the prosthesis.*? Therefore, the electrode's 
medial (distal) part is obviously separated from the cochlear 
nucleus surface by the choroid plexus and the taenia, as well as 
by the cerebrospinal fluid. Our studies® have also demonstrated 
that the root of the cochlear nerve is mostly located under the 
taenia. Therefore, the lateral (proximal) part of the electrode 
would seem to be positioned over the root or even more proxi- 
mally, ie, on the adjacent segment of the cochlear nerve. 


Thus, one can assume that the electrode can produce stimula- 
tion of the central auditory structures without being in direct 
contact with the cochlear nucleus surface. Even if the cochlear 
nerve is completely degenerated following acoustic tumor re- 
moval, the propagation of the electrical current through it, as well 
as other structures, is a possibility. It has been recently demon- 
strated that electrical stimulation of the lateral hypothalamus 
causes activation of cells of the dorsal and ventral cochlear 
nuclei.’ 


It has been reported that the entire electrode array is now 
placed within the lateral recess through the foramen of Luschka.? 
Our unpublished observations show that the choroid plexus that 
protrudes through the foramen occupies virtually the entire 
foramen. In addition, the lateral recess has the shape of a bent 
tube, the diameter of which is close to the width of the electrode 
array. These anatomic peculiarities should interfere with the 
technique and suggest the need for more research. 


In conclusion, the probability exists that auditory sensation 
obtained by electrical stimulation may be due to stimulation of 
the tissues adjacent to the cochlear nucleus structures, including 
the remaining segment of the cochlear nerve, or simply their 
ability to conduct electrical current toward the cochlear nucleus 
or other structures of the auditory brain stem, rather than to direct 
stimulation of the cochlear nucleus. Further studies in the neu- 
roanatomy and anatomic neurosurgery of the brain area involved 
would be beneficial. This could result in development of special- 
ized techniques of electrode placement and design of various 
types of electrodes that would be adapted to the size, shape, and 
intrinsic structure of the areas selected for implantation. 


Leonid I. Terr, PhD 
12144 Miranda St 
North Hollywood, CA 91607 
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To the Editor: 


I contacted all authors who have been working with the 
European auditory brain stem prosthesis and were mentioned as 
coauthors in the paper Dr Terr writes about (Ann Otol Rhinol 
Laryngol Suppl 1995;104[suppl 166]:28-30). 


Obviously, it is true that we do not yet have the optimal 
stimulation electrode at the moment, and that further studies, 
anatomical as well, are required. In other words, the use of needle 
electrodes has to be checked, too. The results of the American, as 
well as the Buropean, research does show sufficiently the direct 
electrical stimulation of the nucleus cochlearis. For this reason, 
we in Europe are using as many electrodes as possible, ie, 21, 
which also seems to be an advantage over the 8 electrodes used 
in the United States so far. On May 11, 1997, we met with the 
most important American users and researchers, together with 
Cochlear Corp Denver, in Scottsdale, Arizona, and agreed to 
exclusively use the European prosthesis with 21 electrodes, 
slightly modified in regard to the fixation mode. 


Inthe mostly large tumors of neurofibromatosis 2 patients, the 
foramen of Luschka often is so enlarged that we do not find 
normal anatomic conditions. It is not quite comprehensible that 
complex stimulation only with acoustic sensations, indirectly via 
the stump of the auditory nerve or other structures, should have 
been constant over 5 years. Here the stimulation has to be direct 
— even more so as the choroid plexus is dissected. 


We know that the hypothalamus of the healthy human pos- 
sesses a complete neuronal circuit. If this had any impact on the 
function of electrical stimulation of the nucleus cochlearis, a 
perceptible side effect should be registered with each single 
electrode. However, this is not the case with the 25 patients 
implanted in Europe with the 21-electrode auditory brain stem 
implant since 1992. 


Ongoing stimulation via the nerve stump will not have any 
long-lasting success, as the axons will degenerate. Our experi- 
ence might show this degeneration as we register auditory sensa- 
tions and responses with the middle and lower electrodes; how- 
ever, there has not been sensation registered with the distal ones 
near the end of the cochlear nerve. Therefore, it is our endeavour 
to place the electrode array as deep as possible in the lateral 
recess. Weareoftheopinion that theoretical considerations, even 
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though perfectly justified, have in this instance been contradicted 
by clinical experience to date. 
Prof Dr Roland Laszig 
ENT Department 
University of Freiburg 
Killianstr 5 
D-79106 Freiburg 
Germany 


To the Editor: 


The discussion below is in regard to the article by Deguine et 
al "Criteria for Selecting the Side for Cochlear Implantation" 
(Ann Otol Rhinol Laryngol Suppl 1995; 104(suppl 166): 403-6). 
The assessment of individual cerebral dominance for speech is 
not easy, but it is important for selecting the side of cochlear 
implantation. 


Deguine et al described in their article the criterion of hemi- 
spheric dominance, indirectly measured by handedness, for 
deciding on the side of cochlear implantation. Laterality of 
handedness is a very rough sign of cerebral dominance. Are 
there other meaningful signs? Eyedness and footedness are two 
simple possible tests. One problem is the interpretation of 
handedness. In the case of right-handedness, there are clear 
relationships: 95% of right-handers have a dominance of the left 
hemisphere for speech, and the remaining 5% a dominance of 
the right side. In the case of left-handedness, there are not such 
clear relationships.! Of course, we know little about speech 
dominance in deaf people, especially in congenitally deaf chil- 
dren.? In the population there is only 7% left-handedness. The 
assessment of this handedness type must be especially careful. 
Not only preference tests, but also performance tests are impor- 
tant. If we know that the patient is a left-hander, the question of 
the dominant hemisphere for speech is not easy. About 60% to 
70% of left-handers show a dominance of the left hemisphere, 
and about 30% to 40% show a dominance of the right hemi- 
sphere. These distributions are the results of several studies 
using 1) patients with an aphasia and 2) patients undergoing 
several invasive tests; Wada's test (intracarotid amobarbital 
sodium) and unilateral electroconvulsive therapy.! Noninvasive 
tests are not as valid, eg, the dichotic listening test, visual field 
asymmetries, and tests using perfusion or oxygenation of the 
brain (single photon emission computed tomography or positron 
emission tomography). Also, so-called latent handedness is 
impracticable to test.? The assessment of the individual domi- 
nant hemisphere is very complex, with accurate results possible 
only with the above-described invasive tests. So, we proposed 
at least testing hand performance and hand preference, along 
with foot and eye dominance.? These tests will give better 
markers of an atypical noncrossed dominance for speech and, 


so, a better indication for deciding the better or dominant side 
for cochlear implantation. The question concerning "former" 
earedness is also meaningful. 


Michael Reiss, MD 

Dept of Ear, Nose and Throat 
Universitatsklinikum Dresden 
Technische Universitat 
Fetscherst. 74 

D-01307 Dresden 

Germany 
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Editor's Reply: 


Regarding auditory "cortical dominance" in choice of the 
side of an implant, if there is equal anatomy peripherally, what 
would be necessary would be evidence that speech is better 
understood when put into one ear as opposed to the other. There 
is no research evidence to support this from functional magnetic 
resonance imaging or positron emission tomography scanning. 
The only time any advantage is seen is when competing and 
different signals are put into both ears simultaneously; then, an 
advantage of about 3% is seen for the ear on the nondominant 
side. 


However, when speech is put into only one ear at a time, as 
would be the case for a unilateral cochlear implant, no advan- 
tage is seen for either ear. It appears to be clear that the crossed 
and uncrossed pathways are equally efficient, except under very 
special circumstances. 


Thus, selection of ears on the basis of "auditory sidedness" is 
a nonissue. The side of greater neural survival is the prime 
consideration. 


Brian F. McCabe, MD 
Christopher W. Turner, PhD 
The University of Iowa 
Iowa City, IA 52242 
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BOOK REVIEWS 


Lasers in Otorhinolaryngology and in Head and Neck Sur- 
gery 
. Volume 49 of Advances in Oto-Rhino-Laryngology, W. Ar- 
nold, editor. H. Rudert and J. A. Werner, editors. Hard cover, 
illustrated, indexed, 264 pages, 56 figures, 1995. S. Karger 
AG, Basel, Switzerland, $215.75. 


Laser technology has been in a constant state of change since 
its inductionin the 1970s, and numerous books have been written 
on the subject. This is an up-to-date volume on lasers for head and 
neck surgeons. Dermatologists and plastic surgeons may also 
reap benefits from the book. Individual chapters are results of 
papers of the 4th Laser Congress, though every aspect of laser 
treatment is not included. 


Overviews of laser treatment are preserved for middle and 
inner ear, vascular malformation, diseases of the nasal cavity and 
the paranasal sinuses, and benign and malignant tumors of the 
larynx and skin. Valuable information is shared relating to 
transoral laser therapy in the treatment of carcinoma — a contro- 
versial subject despite the' fact that long-term results are now 
becoming available that may or may not justify transoral laser 
therapy. Only four chapters discuss the use of laser in otology: 
two chapters show why specific lasers are used for stapedotomy; 
the other two chapters are experimental and convey rather poor 
results of combined low-power laser therapy and extracts of 
Ginkgo biloba in cases of tinnitus. 


The merits of laser types are discussed. Pertinent information 
is circulated. Included in the volume are 56 figures (1 in color) 
and 38 tables. Each chapter is concise and organized into five 
sections: Introduction, Material and Methods, Results, Discus- 
sion, and Conclusion. 


This volume is recommended for updated information for 
those that utilize laser technology in their practice. It is not in- 
tended for the practitioner or reader who typically wants to be 
informed about which laser to use for a certain procedure or how 
efficacious is the laser in tonsillectomy and stapedotomy. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Otologic Surgery 
Derald E. Brackmann, Clough Shelton, and Moises À. Arriaga, 
editors. Hard cover, illustrated, indexed, 828 pages, 1994. WB 
Saunders, Philadelphia, Pa, $150. 
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This is a textbook of otologic, neurotologic, and skull base 
surgery that emphasizes surgical indications, techniques, and 
postoperative management. Derald Brackmann, the senior edi- 
tor, sets as his goal the creation of “a ready resource for residents 
wishing to learn the various techniques as well as a reference for 
clinicians in practice..." He and his coeditors and authors have 
succeeded to a remarkable degree. They have produced an 
outstanding resource volume. 


Chapters on specific surgical procedures outline the indica- 
tions for surgery, any necessary preoperative preparation, sig- 
nificant detail of surgical technique, including necessary instru- 
mentation, and potential postoperative problems and manage- 
ment. Separate chapters are devoted to the complications of more 
commonly performed procedures such as chronic ear surgery and 
stapedectomy. Surgical topics range from. the basic, such as 
external canalplasty for exostoses, to the most complex, such as 
middle fossa surgery, infratemporal fossa surgery, and the audi- 
tory brain stem implant. This text is inclusive and covers every 
imaginable operative circumstance. No subject is overlooked. 


A highlight is the detailed presentation of differing surgical 
approaches to a common problem. The editors have chosen 
knowledgeable and well-respected proponents of differing views. 
Forexample, Sam Kinney argues persuasively forlimited tempo- 
ral bone resection for malignancy. In the subsequent chapter, 
Prasad and Janecka give their equally erudite justification for 
radical temporal bone resection. Sheehy supports canal wall up 
tympanomastoidectomy, Smyth and Toner canal wall down. In 
sequential chapters, Sheehy makes a case for the outer surface 
grafting technique of tympanoplasty, M. Coyle Shea the transcanal 
underlay technique, Glasscock and Strasnick the postauricular 
approach to the underlay technique, and Wehrs the use of the 
homograft tympanic membrane. The variations in stapes surgery 
are given similar treatment with chapters on total stapedectomy, 
partial stapedectomy, and stapedotomy. In presenting these con- 
trasting views of surgical approach, this text is at its very best. 
Controversial issues are addressed forthrightly and with remark- 
able objectivity. 


What, then, are the limitations of Otologic Surgery? I can find 
none worthy of note. Brackmann, Shelton, and Arriaga have 
produced a textbook of rare excellence that, in this reviewer’s 
opinion, is second to none. It is a must for the resident in training, 
the otology fellow, and any otolaryngologist who performs 
otologic surgery. 


RONALD A. HOFFMAN, MD 
New York, New York 
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NOTE 


The following is a corrected version of the article that appeared on pages 
93-96 of Supplement 166 from September 1995 (Volume 104, Number 


9, Part 2). The text and figure legends are nearly unchanged, but the 
figures have been replaced. The revised figures failed to reach our pro- 
duction offices in time for publication. These pages have been designed 
to replace those in the Supplement. 





WAVEFORMS OF COCHLEAR IMPLANT-EVOKED AUDITORY 
BRAIN STEM RESPONSES IN ANESTHETIZED YOUNG CHILDREN, 
RECORDED WITH A NEW PREAMPLIFIER 


C. J. A. GAME, MBBS, PHD; H. SANLI, M ENG, PHD 


From the Royal Alexandra Hospital for Children, Sydney, Australia. Supported by the Elizabeth Scott Fellowship in Hearing Research (C.J.A.G.). 


Àn ultra-low-noise preamplifier has been specifically designed for the conditions in lightly anesthetized young children, to record cochlear implant- 
evoked auditory brain stem responses (impEABRs). The preamplifier linearly filters out the signal from the radio-frequency implant-driver. The preampli- 
fier provides simultaneous accurate records of the stimulus-current artifact and impEABR, both ipsilaterally and contralaterally. It is convenient to label 
electrically evoked vertex-positive peaks, eg, ell, on probable analogy with acoustically evoked potentials. In order to label all the commonly observed 
peaks with latency less than 5 milliseconds, it is necessary at times to use labels ella, eIIb, eila, eIIIb, el Va, eIVb, eVa, and eVb. The records also show two 
distinct nadirs, with latencies about 2.5 milliseconds and about 6 milliseconds. The details of the waveforms are preserved as the stimulus strength descends 


towards threshold. 


INTRODUCTION 


In young children, electrical measurements of Melbourne 
cochlear implant-stimulated electrically evoked auditory 
brain stem responses (impEABRs)!? call for light general 
anesthesia and paralysis and an ultra-low-noise, wide-dy- 
namic range, frequency-selective differential preamplifier, 
with a very high common mode rejection. 


The implant is driven by a coil that emits a radio-frequency 


signal, which has a strong component at 2.5 MHz and a mag- 
nitude of about 1 V at the usual surface recording sites for 
brain stem auditory potentials. For impEABR, it is desirable 
not to switch or cut this signal out, but instead to accurately 
and linearly filter it out, because it is superimposed on the 
useful artifact from the implant stimulus current. This arti- 


fact allows one to check that the headset is correctly located, 


to measure the stimulus current pulse duration, and to mea- 
sure the voltage produced by the stimulus current. A crite- 


94 


Clark & Cowan, International Cochlear Implant, Speech and Hearing Symposium 


TUUM M MÀ EE EE 





deflection [ pV ] 


L° 


deflection [ pV ] 
wm o 7 = in N 


b 


E 
On ww 4 


I 
——TL-^--pe€--[----p----r---7-p7-7--p[p----F 


deflection [ yV ] 
Sodsdblkwü 


e d 
= t€ 


deflection [ mV ] 
e 





0 1 2 3 4 5 6 7 8 989 10 
time after implant trigger [ ms ] 
Fig 1. Simultaneous records of ipsilateral and contralateral 
impEABR and stimulus current artifact. Stimulus mode level 192, 


pulse duration 206 us, amplitude 993 pA per phase, channel 22. 
Low-frequency band edge 100 Hz. 


rion of accurate linear filtering is that the stimulus current 
artifact record is of skew-symmetric shape, like the stimulus 
waveform. 
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Fig 2. Two pairs of simultaneous averages made with a ET 
prototype preamplifier, with 256 sweeps per trace, show- ey -0.5 
ing difference between ipsilateral and contralateral waves Y 
ellla and elIIb. Stimulation was in current mode (level t -1 
192), pulse duration 205 us, amplitude 1,005 pA per x 
phase, channel 20, mode CG, Low-frequency band edge ul -1.5 
7 Hz. a. s 
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A third superimposed component of electrical stimulus 
artifact is neither of utility to the operator, nor susceptible of 
being selectively filtered out by any preamplifier. This com- 
ponent is usually negligible in the contralateral record, but 
is quite significantly large in the ipsilateral record. We call it 
the polarization artifact, because we believe it represents the 
electric currents which flow between the electrodes through 
the tissues, outside the nominal stimulus time interval, be- 
cause of polarization of the electrodes. In the ipsilateral 
record, the polarization artifact makes it difficult to see the 
earliest components of the impEABR. 


Accordingly, we have designed and built a new preampli- 
fier, following sound principles,? but also with a new circuit 
topology. With colleagues in our team, we have recorded 
some features of the impEABR that are seen with the new 
preamplifier. 


METHODS 


The two recording channels are from the vertex (vertex- 
positive), with respect to the ipsilateral and contralateral ear- 
lobes. Stimuli are from a computer-driven Melbourne co- 
chlear implant, in stimulus mode, with the common ground 
electrode configuration. In stimulus mode, pulse duration and 
stimulus current (small variations for individual implants) 
vary with stimulus level, as tabulated by Cochlear Pty Lim- 
ited; stimulus timing is visible in records with the new pream- 
plifier. While the implant provides reliable stimulus current 
control, it is observed that the stimulus voltage, in common 
ground mode, varies with stimulus repetition, probably be- 
cause of variable distribution of stimulus current among the 
various electrodes; the new preamplifier shows these varia- 
tions. The stimulus repetition rate is 21 Hz. The records are 
triggered by the speech processor interface to the implant; 
delay from trigger to start of stimulus varies slightly about 
300 microseconds. The high-frequency band edge of the re- 
corded signal is 5 kHz. 


As noted in legends to Figs 1-4, the low-frequency band 
edge is set at various values, and various numbers of sweeps 
are averaged. The subjects were young children, lightly anes- 


first contralateral average 
first ipsilateral average 
second contralateral average 
second ipsilateral average 


1 2 3 4 5 6 7 8 9g 10 
time after implant trigger [ ms ] 
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Fig 3. Characteristic basal contralateral impEABR 
waveforms with stimulation of channel 1. Four suc- 


969 uA per phase. Low-frequency band edge 100 


mode level 192, pulse duration 206 us, amplitude 
Hz. 


cessive averages, 512 sweeps per trace, Stimulus 
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fier, except that Fig 2 was made with a prototype 


plifier. The records shown here were made with the new 
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RESULTS 


From a child 81 months old, Fig 1 shows simultaneously 
recorded averages of 256 sweeps of ipsilateral and contralat- 
eral impEABRs and stimulus artifacts. The impEABR waves 
are labeled as described below. The different sizes of waves 
ell and elll are as described below. The stimulus current ar- 
tifacts can be seen to be skew-symmetrical. 


The impEABR waveforms vary among children, stimu- 
lus channels, and stimulus strengths. There is a basic like- 
ness to the waves of the acoustically stimulated auditory brain 
stem response, and often it is useful to label the waves ell, 
elll, eIV, and eV, where the e reminds us that the stimulus is 
electrical. For the electrically evoked responses, however, 
one often needs extra labels, here chosen as ella, eIIb, ella, 
elllb, eIVa, eIVb, eVa, and eVb. The letters a and b signify 
apparent components of the roman numeral-labeled peaks. 
Also (not labeled) in the waveforms, there are at least two 
distinct nadir components; the first of these is most often 
between elll and eIV, sometimes between ellla and elIIIb, 
and sometimes between elI and ell; the second of these is 
after eVb. It appears that superposition interference makes 
components distinctly visible only in some conditions. In 
many cases not all the a and b labels are needed at once. 
Each of the apparent wave components has its own growth 
curve. Wave component latencies depend on age. 


Waves ell and elll are so labeled here because they are 
like acoustically evoked responses, in that wave ell is less 
tall ipsilaterally than contralaterally; while wave eIll is taller 
ipsilaterally than contralaterally. Figure 2 shows distinct 
waves ellla and ellIb recorded from a child 60 months of 
age. The taller ellla and eIIIb are seen in the ipsilateral 
record; the size of wave ell is not measurable in this Figure. 
When it is not distinctly split into eIlIa and eIIIb, wave elll 
often has a characteristic flat top lasting 350 microseconds 
or more. 


All of the extra labels are needed at once in some cases, 
for example, in Fig 3, recorded from a child 33 months of 


age. This is a characteristic record. 


Wave ella is more often visible in responses to stimula- 
tion of basal (eg, channel 1) than apical (eg, channel 22) 
channels. Figure 4 shows an example, from a child 23 months 
of age. Figure 4 shows the preservation of waveform detail, 
but differential decrease of waveform components, as stimu- 
lus strength descends towards threshold. In Fig 4 A1, as in 
Fig 1, there is a deeper second great nadir in the ipsilateral 
record. As is to be expected, the apparent latency of the sec- 
ond great nadir is shortened, and the nadir is made to appear 
more distinct by recording with analog high-pass filters that 
reject frequencies below 100 Hz. 


DISCUSSION 


The impEABR varies among children, among recording 
leads, and among stimuli. The possible differences between 
impEABR and acoustically evoked auditory brain stem re- 
sponses (A-ABR) in young children are not yet fully known 
to us. Subpeaks are often enough distinct in impEABR, and 
two deep nadirs with latencies about 2.5 milliseconds and 
about 6.5 milliseconds are nearly always distinct; but 
subpeaks, and the two deep nadirs, are also seen in the unfil- 
tered A-ABRs of neonates.^ Wave eVI is less prominent in 
young children's impEABRs than in their A-ABRs. 
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ENDOSCOPIC LARYNGOTRACHEOPLASTY AND GRAFT SOLDERING 
WITH THE CARBON DIOXIDE LASER 


AN ANIMAL STUDY 


ZHI WANG, MD 


MARK S. VOLK, MD, DMD 


STANLEY M. SHAPSHAY, MD 


BOSTON, MASSACHUSETTS 


Laryngotracheoplasty (LTP) has had considerable success for treatment of selected cases of subglottic stenosis in children. 
However, certain complications have been associated with an open approach. Our study explores the possibility of decreasing these 
complications by means of a minimally traumatic endoscopic laser cricoid split and graft transplantation technique. In an in vivo 
study of six dogs, LTP was performed with a carbon dioxide laser. The gap between the divided cricoid cartilage was either left with 
no coverage or filled by autogenous mucosa or cartilage grafts through a laser-assisted soldering technique. Compared to LTP 
without coverage, autogenous grafts, with either mucosa or cartilage, resulted in improved healing. The cartilage graft seems to offer 
the best result for expansion of the subglottic space. The results show that the new intraluminal approach, a combination of an 
endoscopic cartilage split and graft transplantation, may be an alternative to standard LTP. The advantage of this technique is that it 
is less traumatic than the open procedure, with the potential for less morbidity. 


KEY WORDS — anterior cricoid split, carbon dioxide laser, endoscopic approach, graft soldering, laryngotracheoplasty, sub- 


glottic stenosis. 


INTRODUCTION 


The anterior cricoid split (ACS) operation has been 
a successful treatment in infants who have good pul- 
monary function but have failed extubation. With 
increased experience, a number of reports have high- 
lighted the expanded indications for the ACS to in- 
clude both older children, without a definable upper 
age limit, and also those with fibrous subglottic 
stenosis in whom relief of upper airway obstruction 
is expected from widening the subglottic space. 
The technique of the ACS involves division of the 
lower portion of the thyroid cartilage as well as the 
cricoid and first two tracheal rings through an open 
approach. The patient is then left intubated for 10 to 
14 days to allow the endotracheal tube (ETT) to act 
as a stent. Some of the complications that have been 
encountered with the ACS have been avoided by per- 
forming a one-stage laryngotracheoplasty (LTP). 
This procedure involves the placement of a carti- 
lage interposition graft to close the defect made by 
the ACS incision. However, this procedure still re- 
quires an open operative technique with an ETT asa 
postoperative stent. This indwelling ETT often neces- 
sitates a longer hospitalization and increases the po- 


tential for complications, such as subcutaneous em- 
physema, neck wound infection, and scarring.? Our 
study explored the possibility of minimizing morbid- 
ity by using an endoscopic laser approach to both 
perform the "split" incision and place and solder au- 
tologous graft materia] in place. 


MATERIALS AND METHODS 


Six beagle dogs weighing 11 to 13 kg were used 
for the in vivo study in accordance with institutional 
guidelines for the care and use of animals. One half 
hour prior to surgery, each animal was given an in- 
tramuscular dose of antibiotics (acepromazine male- 
ate, 0.5 mg/kg). After the intravenous administra- 
tion of a general anesthetic (pentobarbital sodium, 
15 to 20 mg/kg), the dogs were allowed to breathe 
spontaneously, and exposure was obtained with a sus- 
pension microlaryngoscope (Dedo-Jako laryngo- 
scope, Pilling Co, Philadelphia, Pa) that was modi- 
fied in our laboratory for better visualization of the 
subglottic space. Through an operating microscope 
(OPMI 1, Carl Zeiss, Thornwood, NY) with a 400- 
mm objective lens, a carbon dioxide (CO2) laser with 
a micromanipulator (Unilase, IL Med, Walpole, 


From the Otolaryngology Research Center for Advanced Endoscopic Applications, Department of Otolaryngology-Head and Neck Surgery, 
New England Medical Center and Tufts University School of Medicine, Boston, Massachusetts. This study was performed in accordance with 
the PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for the Care and Use of Laboratory Animals, and the Animal 
Welfare Act (7 U.S.C. et seq.); the animal use protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of the New 


England Medical Center. 


Presented at the meeting of the American Broncho-Esophagological Association, Orlando, Florida, May 6-7, 1996. 
CORRESPONDENCE —- Stanley M. Shapshay, MD, Dept of Otolaryngology—Head and Neck Surgery, New England Medical Center #185, 750 


Washington St, Boston, MA 02111. 


989 


990 Wang et al, Endoscopic Laryngotracheoplasty 


cartilage 


"sandwich" graft 


perichondrium 





Fig 1. Schematic drawing of "sandwich" cartilage graft. 


Mass) delivering a spot size of 0.3 mm at 1.5 to 2.5 
W in continuous mode was used to produce a verti- 
cal midline incision. This incision was made endo- 
scopically through the lower third of the thyroid car- 
tilage, the cricoid cartilage, and the first and second 
tracheal rings. At the completion of the laser inci- 
sion, the wound was checked endoscopically to en- 
sure that all of the involved cartilages had been in- 
cised completely. The six animals were then divided 
into three groups for operative management of the 
endoscopic incision. 


Control Group. The control animals received no 
graft after the ACS. 


Cartilage Graft Group. In this group, the auricu- 





Fig 3. Mucosal graft placed in cricoid gap. 


lar cartilage was harvested through a preauricular 
incision while preserving perichondrium on one side 
of the graft. From this, three pieces of cartilage of 
appropriate size and shape were sutured together with 
a 4-0 Prolene suture to form a three-layered struc- 
ture resembling a sandwich. The sandwich graft was 
transplanted into the ACS wound, which was filled 
with 2596 human albumin (Public Health Biologic 
Laboratory, Boston, Mass). A CO2 laser at 0.5 W of 
power (7.1 W/mm?), at continuous exposure for 3 to 
4 seconds, was then used with a 0.3-mm spot size to 
endoscopically solder the graft into place. Every ef- 
fort was made not to irradiate the wound or graft 
directly. The end point for the laser soldering was 
blanching of the albumin (Figs 1 and 2). 





Fig 2. Cartilage graft (arzow) embedded in cricoid gap, 
which was filled with solder. 


Fig 4. Wound shrinkage with some granulation tissue 
(arrow) in control animals at 6 weeks. 


cx 
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Fig 5. Smooth surface (arrow) on mucosal graft wound 
at 6 weeks. 


Mucosal Graft Group. In this group, a piece of 
full-thickness buccolabial mucosa was obtained with 
a surgical blade. This material was then transplanted 
and soldered into place in the ACS wound by a tech- 
nique similar to the one outlined above (Fig 3). 


After the operative procedure, the animals were 
awakened and given routine postoperative wound 
care. In the sixth postoperative week, the animals 
underwent an endoscopic examination of their sub- 
glottic wounds and then were painlessly sacrificed. 
The larynges were processed for routine light mi- 
croscopy. The histologic findings and the dimensions 
of the subglottic spaces were compared. 


RESULTS 


All animals recovered with near-normal intake of 
food and water on the first postoperative morning. 
Five of the animals went on to recover uneventfully 
until sacrifice during the sixth postoperative week. 
One of the control animals developed subcutaneous 
emphysema 15 hours after the surgery. This was 
treated by making a small incision in the neck. The 
emphysema resolved, with return to normal appear- 
ance in 3 days. 


During the endoscopic examination at 6 weeks, 
the intraluminal wounds showed good healing in all 
of the animals. Granulation tissue with possible lo- 
cal wound contraction was seen in the two control 
animals (Fig 4). The subglottic area in the cartilage 
and mucosal graft groups had smooth mucosal cov- 
erage (Figs 5 and 6). However, the lumen in the car- 
tilage graft group appeared larger than the lumen in 
the mucosal graft group. Histopathologic examina- 





Fig 6. Wider gap (arrows) of cricoid cartilage seen in 
cartilage graft animal at 6 weeks. 


tion of the horizontal sections showed scar tissue for- 
mation between the ends of the native cricoid carti- 
lage in the control and mucosal graft groups and vi- 
able-appearing cartilage grafts in the cartilage graft 
group (Fig 7). There was increased distraction of the 
cricoid ends in the cartilage graft group (2.0 to 2.5 
mm) versus the mucosal graft and control groups 
(0.5 to 0.75 mm). These differences were not statis- 
tically significant because of the small number of 
animals involved. 


DISCUSSION 


Surgical treatment of laryngotracheal stenosis has 
conceptually advanced along at least two different 
paths. One type of technique in use has been endo- 
scopic laser incision with mucosal preservation. 
Endoscopic laser lysis of stenosis with dilation has 
offered some advantages over open procedures. It is 
relatively noninvasive, requires minimal recovery 
time, and can be performed in an outpatient setting. 
This technique has been useful in adults. However. 
it has failed to reliably correct subglottic stenosis in 
the pediatric population. 


The other type of technique has utilized open pro- 
cedures to expand the framework of the subglottis 
(cricoid cartilage) without scar excision. These tech- 
niques have involved three goals. The first is to ex- 
pand the airway. The second is to fix the airway in 
the expanded position. The last goal is to isolate the 
airway from the outside environment. 


The ACS was developed as an alternative to tra- 
cheotomy in young children who fail extubation 4^5 
The procedure itself is easily performed. It involves 
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opening the anterior subglottic airway and placing 
an appropriate-sized ETT as a stent. The ETT is kept 
in place for 7 to 14 days postoperatively while the 
anterior airway wound fills in with soft tissue. Sev- 
eral mechanisms have been proposed to explain the 
success of the ACS procedure. Possible reasons in- 
clude lysis of occult subglottic cysts or relief of sub- 
glottic edema due to the expanded cricoid carti- 
lage.9 Intuitively, it would seem that the most suc- 
cessful ACS operations would be those that bring 
about the greatest degree of stable expansion of the 
subglottic airway. However, postmortem histologic 
examination of the larynx in patients who died after 
an ACS showed no significant separation at the site 
of the cricoid split.? Additionally, a high level of post- 
operative intensive care is required to prevent a myr- 
iad of potential postoperative complications. These 
complications have included plugging and malpo- 
sition of the ETT, and accidental extubation. Most 


Fig 7. Histopathologic examination of 
both grafting groups at 6 weeks. A) Nearly 
closed cricoid gap in mucosal graft group. 
B) Wider space between cut ends of cri- 
coid in cartilage graft group. 


of these complications are secondary to the need for 
postoperative stenting of the open airway with an 
indwelling ETT, with the concomitant requirement 
for mechanical ventilation.? While the ACS is able 
to fulfill the initial goal of expanding the subglottic 
space, it relies on healing by secondary intention for 
stabilization and sealing of the expanded airway. 


Newer techniques have been developed to improve 
the success rate and decrease the complication rate 
of the ACS. The most notable has been one-stage 
LTP utilizing either rib or auricular cartilage. In this 
technique, expansion of the airway by an anterior 
incision is made in the same fashion as with the ACS. 
However, instead of obtaining the goals of fixation 
and sealing of the airway by secondary intention, 
these are acquired more reliably by suturing an au- 
tologous cartilage graft into the open subglottic 
wound. This has resulted in earlier closure of the 
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airway and a higher success rate.19.!! However, ETT 
stenting (and ventilatory support) for 4 to 10 days is 
still often required. 


In an attempt to further decrease postoperative 
ETT stenting with these techniques, endoscopic la- 
ser LTP and graft soldering was developed. This tech- 
nique utilizes new means of achieving the three goals 
of LTP. 


The first goal of expanding the airway is accom- 
plished by making the anterior airway incision via 
an endoscopic CO2 laser technique. This can be per- 
formed with low laser power settings, thereby caus- 
ing minimal damage to surrounding structures. With- 
out an open neck incision, there is minimal distur- 
bance of tissue planes and blood supply. 


The second goal, fixation of the airway in the ex- 
panded position, is achieved by endoscopically plac- 
ing a three-layer “sandwich” of auricular cartilage 
into the anterior airway incision. In this study, the 
auricular cartilage was chosen mainly for its acces- 
sibility and low morbidity. This multilayered carti- 
lage has the advantage of having increased rigidity 
compared to a single layer of cartilage. It is also fash- 
ioned in such a way that it forms flanges that allow 
the cricoid and tracheal cartilages to fit into it in a 
fixed manner. This configuration allows for the graft 
to be placed endoscopically in a secure fashion that 
will resist dislodgement. One may infer from this 
initial study that placement of the cartilage sandwich 
graft does improve the dimensions of the airway 
compared to the placement of a mucosal graft or no 
graft at all. 


The third and final goal of LTP is accomplished 
by using 25% human albumin and the CO2 laser to 
solder the cartilage graft into place. Because of the 
configuration of the cricoid and tracheal cartilages 
inserted into the graft, it is more than likely that the 
soldering technique produces an airtight seal rather 
than providing much actual increased stabilization 
of the graft itself. 


As mentioned above, endoscopic LTP may pro- 
vide a number of advantages over open LIP. These 
include the potential for decreased tissue trauma, less 
disruption of blood supply to the area around the 
operative site, and less need for prolonged postop- 
erative intubation, all of which may result in an over- 
all decrease in morbidity and an improvement in the 
success rate. 


Despite these possible benefits, there are a num- 
ber of potential problems with the technique that need 
to be explored. First, the canine model was utilized 
in this study in order to develop the endoscopic LTP 
technique in a relatively large airway, which ap- 
proaches the dimensions of an adult human airway. 
Thus, it is technically feasible that this procedure 
could be done on adults. Whether the endoscopic 
technique can be performed in a pediatric popula- 
tion remains to be seen. Additional studies using a 
smaller animal model such as rabbits will be neces- 
sary to determine if this technique will be of benefit 
in young children. Second, while auricular cartilage 
has the advantage of being harvested much more 
readily and with less morbidity than rib cartilage, it 
may not be obtained in a large enough quantity in 
humans to construct the “sandwich.” If this is the 
case, using rib cartilage and fashioning it so that it 
has the appropriate-shaped flange may be the solu- 
tion. Third, unlike in similar previous studies, the 
change in the postoperative airway was measured 
microscopically by the amount of distraction of the 
cartilage edges 6 weeks after the procedures. It was 
felt that this was the best means of directly compar- 
ing the results of the various procedures in a small 
study population. The expense of operating and hous- 
ing dogs for 6 weeks necessitated using a smaller 
than optimal number of animals in this pilot study. 
This study’s significance is limited by this small 
number of animal subjects. Determining the feasi- 
bility of using endoscopic LTP in adults and chil- 
dren will require additional studies utilizing a larger 
number of an animal model with a smaller airway. 
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Surgery of the hypopharynx and larynx has traditionally been performed with either direct, unaided vision or the operating microscope. 
We proposed to extend the surgical capability provided by angled Hopkins telescopes to the larynx and hypopharynx. Forty-eight cases in 
which rigid telescopes were employed primarily for intervention were reviewed. We found significant advantages of the telescopic system 
when performing procedures on surfaces that were not 90? from the observer, such as the walls of the hypopharynx, the petiole of the 
epiglottis, the ventricle, and the posterior commissure. Both 30? and 70? telescopes were found useful, but required complementary 
instruments. The potassium titanyl phosphate laser's flexible fiber provided a distinct advantage in resecting lesions that presented on 
vertical surfaces. Telescopes also permitted the use of large instruments designed for intraperitoneal and intrathoracic surgery that blocked 
the view of the operating microscope. Telescopic pharyngeal and laryngeal visualization allowed surgical procedures complementary to 


more traditional forms of endoscopic surgery. 


KEY WORDS — Hopkins telescope, laryngoscopy, potassium titanyl phosphate laser, squamous cell carcinoma of larynx, Zenker's 


diverticulum. 


INTRODUCTION 


Telescopic laryngoscopy has been used to diag- 
nose and document a wide variety of disorders and 
conditions.!4 Microscopic surgery of the hypophar- 
ynx and larynx had its infancy following the inven- 
tion of suspension laryngoscopy. This was further 
refined by the introduction of the operating micro- 
scope, which provided magnification, enhanced illu- 
mination, and a hands-free environment for surgical 
intervention, and has led to such surgical advances in 
laryngeal surgery asthe development ofthe microflap 
technique.? Our familiarity with endoscopic sinus 
surgery, particularly with surgery in the frontal sinus 
recess and maxillary sinus using angled telescopes, 
encouraged us to investigate telescopic laryngeal and 
pharyngeal surgery to determine in what circum- 
stances this approach augments treatment of laryn- 
gopharyngeal disease. This technique, when applied 
to the larynx and pharynx, utilizes the advantages of 
angled telescopes, providing a perspective in many 
cases that cannot be achieved with the operating 
microscope. 


METHODS 


We retrospectively reviewed the records and pho- 
tographic imaging data of patients having laryngeal 
or pharyngeal surgery between October 1994 and 
March 1996. We identified 48 procedures performed 
on 46 patients in which telescopes were critically 
important in the surgical management of disorders in 
the hypopharynx or larynx. For our telescopic sys- 
tem, we use both sinus and pediatric bronchoscopic 


telescopes with a three-chip television camera for 
viewing. All images were stored as digital recordings 
giving the same views that the operating surgeon had 
during the procedure. 


The types of surgical procedures fell under three 
broad categories, outlined in Table 1. The first were 
situations in which diagnosis of the lesion was en- 
hanced with the telescope as compared with the 
microscope, but because of limitations in the avail- 
able instrumentation, the microscope was used for 


TABLE 1. CATEGORIES OF LARYNGEAL AND 


PHARYNGEAL PROCEDURES 
No. of 
Category Patients 
Diagnosis only 
Anterior commissure or glottic lesions 6 
Subglottic lesions 2 
Supraglottic lesions 2 
Subtotal 10 
Telescope-facilitated procedure 
KTP laser vestibulotomy q 
KTP laser lesion excision 5 
Glottic or subglottic biopsies and excisions 9 
Subtotal 21 
Telescope-unique procedure 
Telescopic-visualized laryngeal injection 1 
Biopsies and excisions 5 
Stapler-assisted Zenker's diverticulotomy 11 
Subtotal 17 
Total 48 


KTP — potassium titanyl phosphate. 
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Fig 1. (Case 1) Squamous cell carcinoma of petiole of epiglottis. A) Zero-degree telescopic view. B) Thirty-degree telescopic view. 





C) Seventy-degree telescopic view. D) View during potassium titanyl phosphate (KTP) laser excision. E) Postexcision 30° 
telescopic view. F) Fourteen-month fiberoptic laryngoscopy appearance of larynx, with patient showing no evidence of disease. 


the definitive surgical treatment. Examples of this 
were lesions requiring use of the carbon dioxide 
(CO2) laser when available instruments could not 
provide adequate ability to manipulate or engage the 
lesion requiring treatment. For the most part, in- 
creased experience led to greater adaptation and 
application of presently available instruments. The 
second category involved circumstances in which we 
discovered significantly better visualization of the 
lesions with the telescopes than we could obtain with 
the operating microscope, and we did have instru- 
mentation available for completion of the procedure. 
The third circumstance was that in which the tele- 
scope offered such an advantage that it was the only 
instrument that could be used to adequately visualize 
the lesion during the procedure. In many of these 
cases, the direct laryngoscope could not be posi- 
tioned adequately because of patient anatomy, and 
the telescope provided the means to visualize and 
treat the lesion. 


RESULTS 


The numbers and categories of the three types of 
cases are summarized in Table 1. Patient ages ranged 
between 18 and 81 forthe 23 men and 23 women. One 
patient was found to have a second lesion that was not 
seen with fiberoptic, laryngostroboscopic, or con- 
ventional microscopic laryngoscopy, but was easily 


seen in the laryngeal ventricle with a 70? telescope. A 
second patient returned for a second telescopic pro- 
cedure when the first conventional microscopic pro- 
cedure failed (see case 1). The following cases are 
presented as examples of the types of problems for 
which we found telescopic instrumentation impor- 
tant. 


CASE REPORTS 


Case 1. A 70-year-old man presented with a squa- 
mous cell carcinoma of the petiole of the epiglottis 
(Fig 1A). The tumor was barely visible in the view 
with a 0? telescope, which was essentially the same 
view as with the operating microscope (not shown). 
More of the lesion could be visualized with a 30* 
telescope, and a biopsy was obtained (Fig 1B). The 
view with a 70? telescope showed the inferior extent 
of the tumor (Fig 1C). Consent had been obtained 
only for CO2 laser excision. With the limitation of the 
viewpoint imposed by the microscope, the lesion was 
excised with a pathologically positive inferior mar- 
gin. The lesion was subsequently excised with a 
pathologically free margin in a second procedure 
using a potassium titanyl phosphate (KTP) laser 
presented through a curved fiber viewed with the 70° 
telescope (Fig 1D). The postexcision 30° view is 
shown in Fig 1E. The patient is now 30 months 
postexcision, with no evidence of recurrence on fiber- 
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Fig 2. (Case 2) Paralaryngeal and pharyngeal 
lymphoid hyperplasia. A) Thirty-degree view 
demonstrating lymphoid tissue in left pyri- 
form sinus and left aryepiglottic fold. B) 
Lymphoid tissue present in right pyriform 
sinus visualized with 30? telescope. C) Nor- 
mal-appearing endolarynx. D) Immediate 
postexcision appearance. 


optic laryngoscopy in which the full anterior com- 
missure can be seen (Fig 1F). 


Case 2. A 50-year-old woman presented with 
dysphagia and weight loss. She was observed to have 
nodules of mucosal-associated lymphoid tissue in- 
volving the vallecula, supraglottis, and pyriform si- 
nus that had the histologic appearance of normal 








tonsil. Cultures for aerobic and anaerobic (including 
Actinomyces) bacteria, fungi, and mycobacteria were 
all negative. The patient could not tolerate systemic 
steroids due to psychiatric effects; therefore, an en- 
doscopic removal was undertaken. Figure 2A,B shows 
the telescopic appearance ofthe lesions involving the 
vallecula, left aryepiglottic fold, and right and left 
pyriform sinuses, while Fig 2C shows the normal 


Fig 3. (Case 3) Endoscopic staple- 
assisted diverticulostomy for Zen- 
ker's diverticulum. All views are 
30° telescopic views. A) Telescop- 
ic appearance of pouch (arrows), 
esophagus (asterisk), and crico- 
pharyngeal band (C). B) Probe 
placed in esophagus (asterisk), 
confirming correct anatomic posi- 
tion. C) Telescopic view, confirm- 
ing correct placement of stapler 
(S). D) Arrows show immediate 
postdiverticulostomy appearance 
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appearance of her endolarynx. The nodules were 
successfully removed with telescopic visualization 
using the KTP laser presented through a curved fiber 
allowing presentation of the laser beam perpendicu- 
lar to the plane of dissection over a wide range of 
surfaces. The immediate postexcision appearance is 
seen in Fig 2D. The patient recovered uneventfully, 
and her dysphagia resolved, with weight gain back to 
her preillness state. 


Case 3. A 69-year-old woman presented with a 
several-month history of increasing dysphagia and 
mild regurgitation of solid food. Evaluation with 
barium swallow demonstrated a Zenker's diverticu- 
lum arising off the posterior pharyngoesophageal 
segment. Treatment of the diverticulum was per- 
formed with endoscopic staple-assisted esophagodi- 
verticulostomy. Under general anesthesia, the patient 
was positioned for a laryngoscopy. The diverticulum 
and esophageal lumen were visualized telescopically 
with 0? and 30? endoscopes (Fig 3A,B). The same 
telescopes were then used to confirm appropriate 
placement of the GIA-30 endostapler around the 
common diverticular and esophageal wall (Fig 3C). 
An extended description of this procedure is dis- 
cussed elsewhere.^ With direct visualization with the 
30? telescope, the common wall was divided and 
stapled, creating an open passage between the diver- 
ticular pouch and the esophageal lumen (Fig 3D). 


Case 4. A 50-year-old woman who was found in 
1992 to have a medullary carcinoma of the thyroid 





Fig 4. (Case 4) Medullary carcino- 
ma of thyroid metastatic to epiglot- 
tis. All views are 0° telescopic views. 
A) Lesion (arrows) metastatic to epi- 
glottis (E). B) Initial stages of KTP 
laser excision. C) View after partial 
resection. D) Appearance of larynx 
after excision of epiglottis and le- 
sion. Patient remains free of dis- 
ease. 


had undergone total thyroidectomy and a left modi- 
fied radical neck dissection. Four months prior to 
recent evaluation, she had the onset of persistent 
cough, dysphagia for solids and liquids, and hoarse- 
ness. The patient had also noted a breast mass, which 
biopsy demonstrated to be metastatic medullary thy- 
roid carcinoma. Flexible fiberoptic laryngoscopy dem- 
onstrated an exophytic, black epiglottic mass arising 
from the left laryngeal surface and extending to the 
left aryepiglottic fold. There was normal vocal fold 
mobility and no evidence of a mass within the val- 
lecula or on the lingual surface of the epiglottis. A 
presumptive diagnosis of metastatic medullary thy- 
roid carcinoma was made, and the patient was sched- 
uled for direct laryngoscopy with planned excision. 


During direct laryngoscopy, 0°, 30°, and 70° tele- 
scopes were used to visualize the larynx and the 
epiglottic tumor (Fig 4A). This evaluation demon- 
strated the lesion to be completely confined to the 
supraglottis involving the left aryepiglottic fold and 
epiglottis. With 0° and 30° telescopic visualization, 
the epiglottis and left aryepiglottic fold were com- 
pletely excised with the KTP laser (Fig 4B,C). After 
excision of the mass, the telescopes were again used 
to visualize the larynx, with no other gross tumor seen 
(Fig 4D). Pathologic analysis of the excised speci- 
men showed metastatic medullary thyroid carcinoma. 
The patient has subsequently recovered well, with 
complete epithelialization of the resection site and no 
further evidence of disease. 
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Fig 5. (Case 5) Bilateral laryngeal cysts. A) Zero-degree telescopic view of right ventricular cyst. B) Thirty-degree telescopic view 
of right ventricular cyst. C) Seventy-degree telescopic view demonstrating bilateral cysts. D) Thirty-degree view during KTP laser 
excision of right cyst. E) Appearance of larynx after KTP laser excision. F) Seventy-degree view used to excise smaller left 
laryngeal cyst. 


Case 5. A 68-year-old woman presented with a 
long history of intermittent hoarseness, and a mass 
protruding from the right ventricle was identified on 
examination with fiberoptic laryngoscopy. The mass, 
which proved to be a laryngeal cyst, appeared similar 
under both the 0° and 30° telescopic views (Fig 
5A,B). The 70° telescope view was strikingly differ- 
ent when the telescope was inserted to the level of the 


TABLE 2. COMPARISON OF TELESCOPIC VERSUS 
MICROSCOPIC LARYNGOSCOPY 














Telescopic 








Microscopic 





View is two-dimensional 
unless moving 


Light moves with telescope 


Can use for patients that 
cannot be visualized with 
standard equipment 


Visualizes lesions in 
ventricle or undersurfaces 


Easily uses curved laser 


Telescope requires use of 
one hand 


Requires video magnification 


Adjusts with distance 


View is three-dimensional 


Less light at high 
magnification 


Light travels in straight lines 
(ie, shadow effect) 


Requires retraction or mirror 
to see undersurfaces 


Provides laser platform 


Both hands are free 


Is self-contained 


Fixed-step magnification 


true vocal folds, and a second laryngeal cyst was 
observed in the left ventricle that was not appreciated 
preoperatively (Fig 5C). The larger cyst in the right 
ventricle was excised with the 30° telescope for 
visualization and the KTP laser for excision (Fig 
5D,E). This was accomplished with a ventriculectomy 
approach as described by Kashima et al.? The smaller 
cyst was then precisely removed under visualization 
with the 70? telescope (Fig SF). The patient is now 22 
months postexcision, with resolution of her hoarse- 
ness and no evidence of recurrence of her laryngeal 
cyst. 


COMPARISON OF TECHNIQUES 


A comparison of conventional suspension micro- 
laryngoscopy and telescopic laryngoscopy reveals 
some important differences (Table 2). It should be 
noted that the telescope provides only a two-dimen- 
sional (2-D) image; however, motion of the telescope 
in and out of the operative field gives the illusion of 
a three-dimensional (3-D) view by noting the chang- 
ing relationships between anatomic structures. This 
2-D—3-D phenomenon has been noted by endoscopic 
sinus surgeons. The operating microscope provides a 
3-D perspective. The telescope provides light that 
moves with the scope so that the closer one gets to an 
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TABLE 3. INSTRUMENTS THAT SUPPORT 
TELESCOPIC ANGULATED SURGERY 
Potassium titanyl phosphate and carbon dioxide laser fibers 
Angled carbon dioxide laser fiber tip 
Angled suction 
Lindholm laryngoscope 
Weerda laryngoscope 
Kantor/Berci video microlaryngoscope 
Pediatric bronchoscopes 
High-resolution video cameras 
Endoscopic staplers 


object, the higher the magnification and the brighter 
the light. In contrast, with the operating microscope, 
there is less light with higher magnifications, and in 
certain circumstances, shadow effects limit visual- 
ization due to the distance between the microscope 
and the larynx. 


The telescope allows visualization in certain cases 
that cannot be visualized with the standard equip- 
ment. The best example of this in our series was the 
staple-assisted endoscopic diverticulostomy for 
Zenker's diverticulum, in which the stapler takes up 
so much of the laryngoscope that it would be impos- 
sible to ensure that the stapler is in correct position 
withoutusing some type of imaging apparatus, either 
arigid telescope or a flexible fiberoptic laryngoscope. 
The telescopes’ angled views can be simulated with 
mirrors with the operating microscope; however, 
illumination of the area is not as good as it is with the 
angled telescopes. The telescopes easily allow utili- 
zation of curved or angled laser fibers with a broad 
spot size, and the operating microscopes provide the 
laser-based platform with a micromanipulator. Addi- 
tionally, use of the 30° and 70° telescopes allows 
angled instrumentation to be used to approach lesions 
that are not readily visualized by the direct-line-of- 
sight view provided by the operating microscope 
(Table 3). 


With the exception of the Kantor/Berci laryngo- 
scope (Karl Storz), telescopes have to be held with 
one hand. In case 4, an alternative method of treat- 
ment could have been the use of the operating micro- 
scope, the CO2 laser, and retraction of the supraglottis 
with the free hand. If the telescope is fixed in position, 
one loses the 3-D effect of the telescope motion. By 
comparison, the microscope allows for 3-D, two- 
handed surgery. 


TABLE 4. INSTRUMENTS REQUIRED FOR 
TELESCOPIC LARYNGEAL AND PHARYNGEAL 
SURGERY ADVANCEMENT 
Angled forceps 
Staplers and scissors 
Telescope holders 


Telescope with universal joint prisms connecting to video moni- 
tor 


DISCUSSION 


In reviewing these 48 cases, we find that the use of 
the rigid telescope augments laryngeal and pharyn- 
geal surgery in many cases, and often offers the 
unique opportunity to perform certain types of endo- 
scopic procedures that are simply impossible with the 
conventional operating microscope. We still feel that 
the operating microscope, with or without the mounted 
CO2 laser, will remain the mainstay of sophisticated 
operative laryngology. Nevertheless, we have per- 
formed 48 cases using video-monitored telescopic 
laryngoscopy as the primary visualization technique. 
This same type of visualization has proven very 
satisfactory for surgery in locations such as the peri- 
toneal cavity and sinuses and, in our experience, has 
proven extremely useful in the larynx and pharynx as 
well. 


Serious current limitations to the use of telescopes 
for pharyngeal and laryngeal surgery exist. The fore- 
most is the telescope eyepiece and camera occupying 
the field of vision immediately in line with the lumen 
of the laryngoscope. This position limits movement 
of other endoscopic instruments in and out of the 
laryngoscope. This problem is partially solved by the 
Kantor/Berci laryngoscope. A variable view for an- 
gled telescopes would be preferable. Advancement 
of telescopic laryngeal and pharyngeal surgery also 
requires additional angled instrumentation (Table 4). 


The fixed perspective of the microscope has lim- 
ited the advancement of endoscopic oncologic sur- 
gery.$? We feel that the advantages of telescopic 
surgery, including excision performed perpendicular 
to the laryngeal wall, adequate visualization in the 
laryngeal ventricle, and use of hemostatic endoscopic 
devices such as staplers and angled lasers, can initiate 
anew enthusiasm for endoscopic excision and recon- 
struction of laryngeal tumors. Telescopic-monitored 
techniques are advancing in virtually every area of 
surgery. We feel that they will become an important 
part of surgery of the hypopharynx and larynx, as 
they have in the nose and paranasal sinuses. 
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ENDOSCOPY DAYS IN PEDIATRIC OTOLARYNGOLOGY 


International Pediatric Otolaryngology Endoscopy Days of Lyon: The Pediatric Larynx will be held March 2-3, 1998, in Lyon, 


France. For more information, contact M. C. Duchez, Secretariat, Departement d'ORL, Hopital Ed. Herriot, 69003 Lyon, France; fax 
33 472 11 05 34. 
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NEONATAL HEARING SCREENING 


The European Consensus Development Conference on Neonatal Hearing Screening will be held in Milan, Italy, May 15-16, 1998. 
For more information, contact Dr F. Grandori, Centre of Biomedical Engineering, Polytechnic of Milan, Piazza Leonardo da Vinci 32, 
20133 Milan, Italy; fax +39-2-23993360; email ecdc Gelet.polimi it. 
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This article reviews laryngeal cleft anomalies from the Laryngeal Development Laboratory at Children's Memorial Hospital in 
Chicago and includes a discussion of the classification of laryngotracheoesophageal clefts based on previous work and the informa- 
tion presented herein. Of the 115 laryngeal specimens obtained between 1975 and 1995, 11 have laryngeal cleft anomalies. Eight 
have a submucous laryngeal cleft. There is 1 laryngotracheoesophageal cleft, type II (partial cricoid cleft); and there are 2 laryngo- 
tracheoesophageal clefts, type III (complete cricoid cleft). The histopathologic findings are presented in detail and the literature is 
reviewed. Photomicrographs and drawings illustrate the pathology and classification. Clinical presentation, diagnosis, evaluation, 


and management are discussed, as is the embryology. 


KEY WORDS — cleft larynx, laryngotracheoesophageal cleft, occult laryngeal cleft, submucous laryngeal cleft. 


INTRODUCTION 


Posterior laryngeal cleft (PLC) and laryngotra- 
cheoesophageal cleft (LTEC) are rare congenital 
anomalies first described and recognized by Richter 
in 1792. The PLC is characterized by an absence of 
fusion of the posterior cricoid lamina that effects an 
abnormal communication between the larynx and 
hypopharynx. In the more extensive form of LTEC, 
absence of all or part of the tracheoesophageal sep- 
tum effects an abnormal communication between the 
trachea and esophagus as well. 


The condition varies in anatomic extent and clini- 
cal severity. In its mildest form (type I), the only ab- 
normality is the absence of the interarytenoid muscle 
above the superior margin of the cricoid cartilage. 
Affected patients may survive into adulthood with 
nothing more serious than hoarseness and recurrent 
respiratory tract infections. In more severe forms 
(types III and IV), in which the cricoid and posterior 
tracheal wall are completely cleft, death due to se- 
vere aspiration pneumonia and respiratory failure 
may be inevitable.! 


MATERIALS AND METHODS 


All specimens from the Laryngeal Development 
Laboratory at Children’s Memorial Hospital, Chi- 
cago, were reviewed to identify those with LTEC. 
Specimens are acquired at postmortem examination 
and include the hyoid bone superiorly, two or more 
tracheal arches inferiorly, and the hypopharyngeal 


mucosa posteriorly. In the Laboratory, which was 
established by Gabriel F. Tucker, Jr, in 1975, speci- 
mens are prepared according to the method of Tucker 
et al.2 The block of tissue obtained is kept intact, 
unsplit, and fixed in 10% formalin. After decalcifi- 
cation and fixation, it is embedded in parlodion (py- 
roxylin), then serially sectioned at 28 um in the hori- 
zontal plane from top to bottom. Every 20th section 
is mounted and stained with hematoxylin and eosin. 
The remaining sections are numbered and stored in 
80% alcohol for later staining if necessary. The his- 
topathology of each specimen is studied in detail. 
Patients’ medical records are reviewed for clinical 
presentation and associated anomalies. 


RESULTS 


Eleven cases of laryngeal cleft anomalies were 
identified among the 115 laryngeal specimens ac- 
quired between 1975 and 1995 by the Laryngeal 
Development Laboratory. Eight have a submucous 
(“occult”) laryngeal cleft. The collection also con- 
tains 1 LTEC, type II (partial cricoid cleft), and 2 
LTECs, type III (total cricoid cleft; see Table). 


Submucous (“Occult”) Laryngeal Cleft. Six of the 
8 cases of submucous (“occult”) laryngeal cleft were 
found in preterm infants who had an average gesta- 
tional age of 26.2 weeks and an average birth weight 
of 783 g. The other 2 infants were term. All 8 had 
been intubated at birth for treatment of respiratory 
distress due to bronchopulmonary dysplasia, upper 
airway obstruction, and apneic episodes. All devel- 
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CASES OF SUBMUCOUS LARYNGEAL CLEFT AND LARYNGOTRACHEOESOPHAGEAL CLEFT 


Birth Status 
Weight of 
Case Age Sex (g) Birth 


Respiratory 
Presentation 


1 2y F 850 Preterm Bronchopulmo- 
(26 wk) nary dysplasia, 
bronchospasms 


2 14mo F 620 Preterm Apneic episode, 


(28 wk) seizure 


3 5y F Term Recurrent pneu- 
monia, respiratory 
distress 

4 ly M 890 Preterm Bronchopulmo- 

(27 wk) _ nary dysplasia 

5 7mo F Term Upper airway 
obstruction 

6 6mo M 773 Preterm Bronchopulmo- 

(24 wk) nary dysplasia 

7 4mo F Term Upper airway 
obstruction 

8 20d M Preterm Respiratory 
distress 

9 Id F Term Respiratory 
distress 

10 21 mo M Term Respiratory 
distress, feed- 
ing difficulty 

11 9mo F Respiratory 
distress 


oped subglottic stenosis; case 8 also had tracheal 
stenosis. Most of the patients had other congenital 
anomalies such as a pulmonary valvular stenosis 
(case 1), an aberrant innominate artery and congeni- 
tal blindness (case 2), a patent ductus arteriosus (case 
4), an aortic valvular stenosis (case 6), and right pul- 
monary agenesis with a ventricular septal defect (case 
8). Of the cases reported herein, the diagnosis of sub- 
mucous cleft was never made during life; the clefts 
were identified at postmortem pathologic examina- 
tion (Figs 134 and 2). 


Partial Posterior Laryngeal Cleft. The 1 patient 
(case 9) with a partial PLC (type II; Fig 33) was a 


Associated 
Diagnosis Histopathology Anomalies 
Subglottic stenosis — Submucous cleft, Pulmonary valvular 
elliptical cricoid stenosis 
Subglottic stenosis, | Submucous cleft, Aberrant innomi- 
tracheomalacia submucous cyst, nate artery, congen- 
submucous gland ital blindness 
hyperplasia 
Subglottic stenosis — Submucous cleft, 
submucous fibrosis 
Subglottic stenosis — Submucous cleft, Patent ductus 
submucous gland arteriosus 


hyperplasia, dis- 
tortion of cricoid . 


Subglottic stenosis, ^ Submucous cleft, 


tracheal stenosis submucous fibrosis, 
submucous cyst 
Subglottic stenosis | Submucous cleft, Aortic valvular 
distortion of cri- stenosis 
coid, tracheal 
complete ring 
Subglottic stenosis | Submucous cleft, 
submucous fibrosis, 
obliterated subglottic 
lumen 
Tracheal stenosis Submucous cleft Ventricular septal 
defect, patent duc- 
tus arteriosus, right 
lung agenesis 
Laryngeal cleft, Laryngotracheo- Bronchoesophageal 
tracheal agenesis esophageal cleft fistula, patent duc- 
type II tus arteriosus, rudi- 
mentary uterus 
Laryngeal cleft Laryngotracheo- Tracheoesophageal 
esophageal cleft fistula, gastroesoph- 
type HI ageal reflux 
Laryngeal cleft, Laryngotracheo- 
subglottic stenosis esophageal cleft 
type III, submu- 
cous fibrosis 


term female infant with tracheal agenesis who had 
severe respiratory distress at birth. She had a bron- 
choesophageal fistula through which she ventilated 
until she died, shortly after birth. Her other congeni- 
tal anomalies included a patent ductus arteriosus and 
a rudimentary uterus. 


Complete Posterior Laryngeal Cleft. 'Two patients 
(cases 10 and 11) with a complete PLC (LTEC type 
HI) developed respiratory distress after birth and re- 
quired airway intervention. Associated anomalies 
included a tracheoesophageal fistula (TEF, case 10, 
Fig 43) and congenital subglottic stenosis (case 11, 
Fig 5). 
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DISCUSSION 


Incidence. The PLC has been considered to be rare 
among congenital anomalies of the larynx, especially 
LTEC types III and IV, in which the septum between 
the trachea and esophagus fails to develop.? Evans? 
found only 2 cases (0.596) of PLC in 427 children 
referred for direct laryngoscopy. In the Division of 
Pediatric Otolaryngology at Children's Memorial 
Hospital, Chicago, from 1990 to 1995, only 7 cases 
(0.396) of PLC were diagnosed clinically of the 2,338 
patients who underwent diagnostic direct laryngos- 
copy during this period. However, there is a higher 
incidence of these anomalies among the 115 speci- 
mens in the Laryngeal Development Laboratory: 8 
cases (796) of submucous laryngeal cleft and 3 cases 
(2.070) of LTEC, 


Anatomy. At the level of the epiglottis, the aero- 
digestive tract divides into the airway anteriorly (lar- 
ynx) and the hypopharynx posteriorly (Fig 6). The 
PLC communicates between the larynx and the hy- 
popharynx (not the larynx and trachea). The inferior 
anatomic limit of the larynx and hypopharynx is the 
inferior margin of the cricoid cartilage. The trachea 
and esophagus begin at the inferior margin of the 
cricoid cartilage (Fig 6). 


Embryology. According to the Carnegie staging 
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Fig 1. (Case 1) Submucous (occult) 
laryngeal cleft. A) Intact interary- 
tenoid muscle (M). B) Distorted but 
intact upper portion of posterior 
cricoid lamina (U). C) Submucous 
cleft (C). D) Distorted, fused lower 
portion of posterior cricoid ring (L). 
E) Artist's reconstruction of this 
submucous cleft indicating level 
of each section (A-D, correspond- 
ing to a-d). (Reprinted by permis- 
sion.>-4) 





system, the embryonic period has 23 stages of de- 
velopment. At stage 10, the embryo is 2 to 3.5 
mm long and 21 to 23 days old, and the first sign of 
respiratory system development is seen as a laryn- 
gotracheal sulcus that begins development of the 
respiratory system at its caudal end. During stage 11 
(2.5 to 4.5 mm and 23 to 25 days), the laryngotra- 
cheal groove is lengthening and the pulmonary pri- 
mordium divides into right and left lobes. By stages 
12 and 13 (3 to 6 mm and 25 to 28 days), the tracheo- 
esophageal septum makes its appearance. Any vas- 
cular compromise or failure of union in forming this 
septum may result in some degree of TEF or cleft. 
In stages 14 to 16, there is further pulmonary devel- 
opment and the primitive laryngeal structures appear. 
In stage 18, the cricoid cartilage develops from two 
lateral centers of chondrification that fuse ventrally 
at about days 40 to 44, and dorsally at about days 50 
to 55 (stage 19). 


The specific defect of each LTEC depends on the 
timing of the damage. Blumberg et a? postulated 
that the formation of an LTEC is caused by an arrest 
of the cranial advancement of the tracheoesophageal 
septum and the septal defect's effects on the fusion 
of the cricoid lamina. Formation of a PLC without a 
cleft of the tracheoesophageal septum is probably 
due to defective closure of the cricoid arch.’ 
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Fig 2. (Cases 2-8) Submucous laryngeal clefts. Sections of cases 2-6 
(A-E) were taken from level of lower cricoid, where cartilage should 
be complete ring. A) Case 2. B) Case 3. C) Case 4. D) Case 5. Small 
island of cartilage is seen in midline, posteriorly. Gap in cartilage 
anteriorly is due to two anterior cricoid split operations. Several ductal 
cysts are seen within soft tissue, one projecting into lumen. E) Case 
6. F) Case 7. G) Case 8. 
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Classification. Two basic systems of classifica- 
tion of LTECs have been proposed: anatomic and 
clinical. Petterssen? distinguished three types of 
LTECs based on anatomy (Fig 78-10). Armitage,! an 
anesthesiologist, introduced a modification in 1984 
on the basis of 3 cases. Evans? proposed a clinically 
based classification of PLCs and LTECs in 1985 (Fig 
7). In his system, type I is confined to the interary- 
tenoid region above the level of the vocal folds and 
does not involve the cricoid cartilage. Type II in- 
cludes the cricoid cartilage and extends caudally to 
involve the cervical trachea. Type III extends to the 
thoracic trachea. 


Fig 3. (Case 9) Partial laryngeal cleft, type II. A) Interruption of interarytenoid 
muscle (arrow). B) Separation of respiratory and hypopharyngeal mucosa (S). 
C) Posterior submucous cleft (arrowhead). D) Cartilaginous fusion at postero- 
inferior cricoid cartilage. E) Artist's reconstruction indicating level of each sec- 
tion (A-D, corresponding to a-d). (Reprinted by permission.?) 


Benjamin and Inglis!? offered a modification of 
Evans' classification in 1989 and proposed four types 
of LTECs (Fig 7). Type I is a supraglottic inter- 
arytenoid cleft that extends inferiorly no further than 
the level of the vocal folds. Type II is a partial cri- 
coid cleft that extends below the level of the vocal 
folds. Type III is a total cricoid cleft that extends 
completely through the cricoid cartilage with or with- 
out further extension into part of the cervical trache- 
oesophageal wall. Type IV involves a major part of 
the intrathoracic tracheoesophageal wall; a complete 
extension to the carina leaves a common esophageal 
and tracheal lumen. 
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Fig 4. (Case 10) Complete laryngeal cleft, type III. A) Interruption of interarytenoid muscle (M). B) Intraluminal peduncu- 
lated hamartomatous mass with small island of cartilage (arrow). C) Cricoid cleft (arrowhead). D) Level of each section is 
shown (A-C, corresponding to a-c). (Reprinted by permission.?) 


Benjamin and Inglis’ !? classification is probably 
the most useful. Not only is their proposal well sup- 
ported, but it is most compatible with the informa- 
tion provided herein regarding the partial cricoid 
clefts, specifically the submucous (“occult”) laryn- 
geal cleft. Technically, submucous clefts might be 
considered variants of the type II cleft. However, to 
maintain a classification that is clinically relevant, 
submucous laryngeal clefts are placed in a category 
of their own, because they are clinically significant 
only when they are associated with another cricoid 
cartilage anomaly. Such an anomaly — for example, 
the elliptical cricoid cartilage — may cause symp- 
toms of airway obstruction. This classification is il- 
lustrated in Fig 8.?.10 


Submucous (“Occult”) Laryngeal Cleft. Submu- 
cous laryngeal clefts were first reported by Tucker 
and Maddalozzo.^ Only 2 cases have been reported 
to date; the 8 reported herein include the 2 previ- 
ously reported.^ All except 1 had associated subglot- 
tic stenosis. The submucous laryngeal cleft consists 
of a posterior midline submucous cartilage defect 
(cleft) with intact soft tissue including mucosa and 


interarytenoid muscle. When viewed on horizontal 
cross section, the edges of the cleft cartilage are 
rounded, smooth, and covered with perichondrium 
(Fig 1). Sections taken superior to the cartilage de- 
fect demonstrate a fused, distorted cartilage or ab- 
sent cartilage. Sections inferior to the cleft demon- 
strate an intact cartilaginous ring. Deformities of the 
cricoid cartilage associated with submucous laryn- 
geal cleft include the elliptical cricoid cartilage (Figs 
1C and 3C,D). 


Partial Posterior Laryngeal Cleft. The partial la- 
ryngeal cleft is distinct from the submucous cleft in 
that the posterior larynx is cleft through to the hypo- 
pharynx. 

Of the cases reported herein, one demonstrates a 
partial laryngeal cleft anomaly. A type II cleft (par- 
tial cricoid cleft, case 9, Fig 3), the cleft is continu- 
ous through the upper part of the cricoid cartilage, 
ending below the vocal folds. The lower part of the 
cricoid cartilage is an intact cricoid ring. The inter- 
arytenoid muscle shows partial agenesis and a fi- 
brous end at the interface of the cleft (Fig 3). 


Complete Posterior Laryngeal Cleft. Delahunty 
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Fig 5. (Case 11) Complete laryngeal cleft, type III, shows 
several anomalies: absence of arytenoid cartilages, ab- 
sence of interarytenoid muscle, and deformed cricoid 
cartilage with thick submucous fibrosis. 


and Cherry!! reported 2 cases of complete PLC and 
noted atrophic changes of interarytenoid muscle and 
lateral subluxation of the cricoarytenoid joint. Lim 
et al!? reported a case of LTEC extending to the sixth 
tracheal arch and noted splaying of the posterior cri- 
coid plate, partial agenesis of interarytenoid muscle, 
and incomplete fusion of the tracheal rings. Zachary 
and Emery? reported a complete LTEC extending 
to the carina and noted squamous epithelium extend- 
ing into the tracheal lumen. 


A type III LTEC (total cricoid cleft, case 10, Fig 
4), the cleft is continuous through the entire cricoid 
cartilage, ending at an intact membranous posterior 
tracheal wall. Redundant tissue is present on both 
sides of the cleft; the tissue on the left 1s larger than 
that on the right and prolapses into the laryngeal lu- 
men (Fig 4). Similar redundant tissue may account 
for symptoms of upper airway obstruction in some 
patients with laryngeal cleft.!^ The second case of 
complete laryngeal cleft (case 11, Fig 5) 1s a severe 
anomaly with no arytenoid cartilage or interarytenoid 
muscle and a deformed cricoid cartilage with thick 
submucous fibrosis that caused subglottic stenosis 
(Fig 5). 

Symptoms. The type I laryngeal cleft deformity 
may be difficult to diagnose. A triad of husky voice, 
feeding difficulties, and aspiration pneumonia alerts 
the clinician to the possibility of a cleft larynx.) 
Patients may present with various degrees of respi- 
ratory distress, exacerbated or precipitated by at- 
tempts at feeding. Symptoms of upper airway ob- 
struction were the most common presenting symp- 
toms of the cases described herein. Stridor may be 
due to anterior collapse of the posterior supraglottic 
structures, especially the cuneiform cartilages or re- 


Normal Anatomy 


Supraglottic 
Larynx 
Larynx Cuneiform 
Hypopharynx 
Arytenoid 
Glottic 
Cricoid 
Subglottic 
Cervical 
ae eee ey ie Se Thoracic 
Inlet 
Trachea Esophagus 


Thoracic 





Fig 6. Normal anatomy of larynx and trachea observed 
from posterior aspect. Inferior anatomic limit of larynx 
and hypopharynx is inferior margin of cricoid cartilage. 


dundant mucosa in the posterior glottic and supra- 
glottic larynx, as in case 10. Coughing, choking, and 
cyanotic episodes are characteristic. 


The severity of symptoms is generally in propor- 
tion to the inferior extent of the cleft. Infants with 
type III or IV LTECs present with more severe symp- 
toms than those with types I and II. The former pa- 
tients have severe aspiration and cyanosis from birth 
and develop respiratory distress that is likely to re- 
quire endotracheal intubation and emergency surgi- 


Petterssen Evans Benjamin 
(1955) (1985) (1989) 






__ Thoracic 
Inlet 





Fig 7. Three most commonly used classifications of la- 
ryngotracheoesophageal clefts: Petterssen,® Evans,’ and 
Benjamin and Inglis.!? 


ma 
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Occult 


Fig 8. Classification of posterior laryngeal cleft 
(laryngopharyngeal cleft) and laryngotracheo- 
esophageal clefts based on Benjamin and Inglis’ 19 
modification of Evans’? classification and data 
contained herein. 


cal intervention. Roth et al’ reviewed symptoms of 
85 reported cases and found aspiration and cyanosis 
after feeding (53%), postpartum asphyxia (33%), 
increased production of mucus (23%), voiceless 
crying (16%), recurrent pneumonia (16%), stridor 
(10%), and impaired swallowing (5%). 


Diagnosis. In evaluating a newborn with problems 
of choking during feeding, aspiration, increased pha- 
ryngeal secretions, and intermittent airway obstruc- 
tion, the differential diagnosis must include TEF, be- 
cause the symptoms closely mimic those of an LTEC. 
Other anomalies of the aerodigestive tract such as 
bilateral choanal atresia, neuromuscular incoordina- 
tion of deglutition, vocal fold motion impairment, 
and gastroesophageal reflux (GER) are also consid- 
ered, !6 


Infants and children with a history of aspiration 
and its sequelae lead the clinician to suspect an 
LTEC. Careful neurologic examination helps to ex- 
clude neuromuscular incoordination. Passing a cath- 
eter through the nasal passages may rule out choanal 
atresia, while passing a nasogastric (ING) tube into 
the stomach rules out esophageal atresia. 


Chest radiographs often demonstrate aspiration 
pneumonia. An abnormal anterior position of the NG 
tube on lateral projection may also suggest the diag- 
nosis.^12.1^ Lateral airway films may demonstrate 
the absence of the usual soft tissue density between 
the larynx and hypopharynx, trachea and esophagus. 
Barium swallow may fail to demonstrate a cleft if 
the radiologist looks only for a TEF. Careful review 
may demonstrate a spill into the larynx and rule out 
a TEF. Pharyngeal incoordination can also simulate 
these findings. 


Careful direct laryngoscopy (with operating mi- 





Type | Type Il Type il 





croscope and suspension) and bronchoscopy can 
make a definitive diagnosis and rule out other anoma- 
lies of the trachea and larynx that occur with an 
LTEC. At endoscopy, the lesion is easy to overlook. 
This may be due to the clinician’s inexperience or 
failure to use specific laryngoscopic techniques. 
Even the experienced endoscopist may miss the di- 
agnosis unless there is a high index of suspicion and 
a posterior cleft is looked for specifically. The la- 
ryngeal cleft may have the appearance of laryngo- 
malacia. There is often an inward collapse of the pos- 
terior supraglottic structures, as well as redundant 
hypertrophic soft tissue in the posterior glottis. 


Type I or II LTECs can be suspected by observing 
the failure of closure of the posterior glottis during 
phonation without anesthesia. A cleft is best demon- 
strated with suspension microlaryngology by advanc- 
ing an anterior commissure laryngoscope between 
the vocal folds and abducting them widely. A type I 
LTEC requires a right-angle probe or an interaryte- 
noid notch height (IANH)—measuring caliper for ac- 
curate assessment.!8 In types III and IV, a broncho- 
scope and an esophagoscope are necessary for diag- 
nosis and to determine the inferior extent of the 
cleft.!4 Twenty percent of patients with laryngeal 
clefts also have a TEF.!4 


Management. The newborn with an LTEC may 
initially require emergency endotracheal intubation 
or tracheostomy for respiratory distress. With a type 
IIl or IV LTEC, the clinician must be alert to the 
possibility of displacement of the endotracheal tube 
posteriorly into the esophagus. Control of GER is 
critically important. An NG tube or gastrostomy may 
be necessary to decompress the stomach, prevent as- 
piration, and feed the infant. Most type I cases im- 
prove with growth and may be managed by conser- 
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vative treatment consisting of upright positioning, 
thickening of formula, and swallowing rehabilita- 
tion.? Some will require surgical intervention. An 
endoscopic approach is usually satisfactory. Type 
II clefts are almost certain to require surgical cor- 
rection.!é 


Petterssen? reported the first successful repair of 
a laryngeal cleft in 1955. Armitage,! Roth et al,’ and 
Lim et al!? suggested surgical repair when the infant 
is symptomatic with recurrent episodes of aspiration 
or failure to thrive after a trial of NG or gastrostomy 
tube feeding and if thickened oral feedings are not 
tolerated. Surgical repair of laryngeal clefts can be 
approached via an open anterior or lateral approach. 
The anterior approach is suitable for type I, II, and 
III LTECs, as it provides excellent direct exposure 
of the cleft and avoids injury to the recurrent laryn- 
geal nerve.1920 Some surgeons advise a lateral ap- 
proach to prevent anterior weakening of the laryn- 
geal cartilages, which may cause an unstable air- 
way.1??! Evans? suggests the lateral approach for the 
small cleft with less than 2 cm of cervical tracheal 
involvement. With more extensive involvement of 
the cervical trachea, he suggests the anterior ap- 
proach and a two-layer closure. Roth et al? recom- 
mend an endoscopic approach in the type I cleft us- 
ing an operating microscope and endoscopic instru- 
ments. Nakahara et al?? attempted injection of col- 
lagen into the submucosal space of the arytenoids 
for closure of the type I laryngeal cleft. 


Successful treatment of the type IV LTEC depends 
on early diagnosis, securing the airway, protection 
from GER and aspiration, adequate nutrition, and 
early surgical repair. Surgical repair through a lat- 
eral thoracotomy is combined with a lateral cervical 
approach. Sternocleidomastoid muscle is used in the 
upper cleft, in order to decrease the chances of post- 
operative recurrence. In the lower cleft, likewise, 
pleura is interposed between the trachea and esopha- 
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CONCLUSIONS 


Congenital laryngeal clefts are rare anomalies.“ 
Of 11 cases reported herein, 8 were submucous clefts 
(posterior clefts of the cricoid cartilage under intact 
mucosa). All had associated subglottic stenosis and 
were not identified as laryngeal clefts until postmor- 
tem examination. 


Three cases of LTEC that are not submucous clefts 
are reported. A history of aspiration pneumonia, 
choking, coughing during feeding, and symptoms of 
airway obstruction are keys to diagnosis. Morbidity 
and mortality are minimized by early diagnosis and 
prompt surgical intervention. 


With the addition of the submucous cleft, the Ben- 
jamin and Inglis!? modification of Evans’ classifica- 
tion? is anatomically correct and the most clinically 
relevant classification system for laryngeal clefts (Fig 
8). 
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EFFICACY OF REPEATED BOTULINUM TOXIN INJECTIONS 
AS A FUNCTION OF TIMING 


KATSUHIDE INAGI, MD 
EDWARD SCHULTZ, PHD 


CHARLES N. FORD, MD 
DIANE M. BLESS, PHD 


ARTHUR A. RODRIQUEZ, MD 
DENNIS M. HEISEY, PHD 


MADISON, WISCONSIN 


This pilot study was designed to determine if the interval between repeated botulinum toxin injections influenced physiologic 
and histologic effects on laryngeal muscles in a rat model. The physiologic measurements included digitized videomicroscopic 
recording of vocal fold movement and electromyography. The histologic measurements included muscle fiber size and digitized 
optical density of laryngeal muscles after glycogen depletion by electrical stimulation. The results demonstrated that the effect of 
timing of the second injection was strongly correlated to laryngeal changes. Most notable were results in the subjects that underwent 
injections 6 weeks apart. We hypothesize that these findings might be related to terminal axonal sprouting with reinnervation. The 
results from this study help confirm and expand the validity of using the rat laryngeal model to understand the effect of botulinum 
toxin. Moreover, we believe that the data might be extrapolated to prove useful in predicting human responses to botulinum toxin 

treatment for functional dystonias such as spasmodic dysphonia. 


KEY WORDS — botulinum toxin, dystonia, electromyography, glycogen depletion, larynx, muscle fiber, rat, spasmodic dys- 


phonia, thyroarytenoid muscle. 


INTRODUCTION 


Spasmodic dysphonia (SD) is a focal dystonia 
characterized by dysrhythmic contraction of the la- 
ryngeal musculature that often results in severe voice 
disturbance and impaired communication. Since the 
cause of this disorder remains in doubt, a definitive 
cure is unknown. Symptomatic control has been 
achieved with various medications, behavioral ther- 
apy, psychotherapy, recurrent laryngeal nerve resec- 
tion, thyroplasty techniques, chronic nerve stimula- 
tion, and partial thyroarytenoid myomectomy. Peri- 
odic injection of botulinum toxin (BT) has proven 
to be effective in temporarily relieving the symp- 
toms of adductor SD. Unfortunately, the therapeutic 
effect of BT 1s transient, and the injection does not 
always correct the disturbance. The exact BT dos- 
age, site of injection, and timing of repeat injections 
are decided on an empirical basis guided by patient 
demands and clinician preference, for there 1s little 
scientific basis for those decisions in the treatment 
of SD. 


Clinical studies have demonstrated the efficacy 
of large? and small doses of BT,55 and have as- 
sayed whether bilateral®’ or unilateral? injection 


produced the most sustained voice improvement. Our 
most recent study? suggests the importance of pre- 
cise placement of injectate in the Jarynx for prolong- 
ing the effect. It remains unclear how the spacing of 
intervals between injections influences efficacy. 
There is also little objective data describing the mea- 
sured effects of various treatments. One approach to 
addressing these issues would be an animal model 
in which physiological assays could be employed to 
determine efficacy as a function of repeated BT in- 
jections into the larynx. 


Most of the studies of BT injection in different 
volumes and dosages have been limited to studying 
the effect of a single dose in an animal model. Cohen 
and Thompson!! worked out an effective dosage 
based on dose-response curves from dog larynges. 
George et al!? mapped the affected muscle fibers 
using glycogen depletion techniques in the canine 
thyroarytenoid muscle. In our rat laryngeal mod- 
el,!3:14 we demonstrated the relationships between 
effect and both dosage and volume using videomicro- 
scopic and electromyography (EMQ) response mea- 
surements; in these preliminary studies, we estab- 
lished suitable dosages and volumes to inject in rat 
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Fig 1. Digitized glottal images of 
videostroboscopic recordings. An- 
gle H-RP/AD was 81.2, angle H- 
LP/AD was 91.5, angle H-RP/AB 
was 71.9, and angle H-LP/AB was 
85.6. Movement angle of right 
vocal fold was 9.3, and that of left 
vocal fold was 5.9. 
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larynges. The use of a rat laryngeal model has greatly 
improved our ability to investigate the efficacy of 
BT therapy. This convenient animal model should 
prove helpful in developing a rational basis for treat- 
ment decisions in humans. 


MATERIALS AND METHODS 


This pilot study was designed to determine if the 
interval between repeated BT injections influenced 
the physiologic and histologic effects on laryngeal 
muscles. The physiologic measurements included 
digitized videomicroscopic recording of vocal fold 
movement and EMG. The histologic measurements 
included muscle fiber size and digitized optical den- 
sity of laryngeal muscle after glycogen depletion by 
electrical stimulation. These studies evaluated both 
morphological and functional changes induced by 
BT injection. 


Animals. Nine adult male Sprague-Dawley rats 
weighing between 425 and 534 g (458.8 + 31.1 g) 
were used for this study. Rats were anesthetized with 
ketamine hydrochloride (48 mg/kg) and xylazine 
hydrochloride (4 mg/kg) by intraperitoneal injection 
each experimental day (three times per week: Mon- 
day, Wednesday, and Friday). They were grouped 
by the time interval between the initial injection and 
the second injection; the groups were control (no 
second injection, n = 1), 1-week (7 days after initial 
injection, n = 2), 2-week (n = 2), 4-week (n = 2), and 
6-week (n = 2). 


Botulinum Toxin Injection Method. Freshly pre- 
pared crystalline complex (30 units per nanogram) 
BT (type A) was diluted with sterile saline to a dos- 
age of 0.007 unit in a volume of 0.4 uL. Diluted 
toxin was precisely injected unilaterally into the re- 
gion of the thyroarytenoid muscle at the middle por- 
tion of the vocal fold by means of a 5-uL syringe 
with a 26-gauge, 50-mm needle by a microlaryngo- 





scopic technique. The side (left, right) of initial in- 
jection was randomly chosen. The second injection 
was given via the same methods and same side as 
the initial injection. For the control rat, 0.4 uL saline 
was injected in the right vocal fold on the initial in- 
jection day only. 


Laryngoscopy and Videoendoscopy. Each anesthe- 
tized rat was secured on a custom-designed operat- 
ing platform in a nearly vertical position with the 
mouth secured open. The customized laryngoscope 
was inserted orally and adjusted to provide the best 
view of the larynx obtainable via an operating mi- 
croscope (Zeiss, Thornwood, NY). The operating mi- 
croscope was connected to the video equipment with 
a C-mount and a microcamera (Circon Zimmer, San- 
ta Barbara, Calif) that allowed us to view and record 
the larynx simultaneously. All rat vocal fold move- 
ments were recorded at the same magnification (21x). 
Recordings were made at the time of each injection, 
and objective measurements were obtained from dig- 
itized glottal images of videostroboscopic recordings 
(Fig 1). Two glottal frames, selected for each rat, 
consisted of the images of full adduction and full 
abduction of respiration. Four reference points were 
determined for each glottal frame: the posterior com- 
missure (point P), an absolutely horizontal line (line 
H) at point P, and the edges of the right (point R) 
and left (point L) vocal folds at 2 mm from point P. 
The lateral angles between line H and line RP (angle 
H-RP) or LP (angle H-LP) in each glottal frame (ad- 
duction and abduction) were measured. “Movement 
angles” of the right and left vocal folds were cal- 
culated by measuring the difference between angle 
H-RP in the adduction frame and angle H-RP in the 
abduction frame, and between angle H-LP in the 
adduction frame and angle H-LP in the abduction 
frame. All measurements were performed with Im- 
age 1.59 software (US Department of Health and 
Human Services, National Institutes of Health, Be- 
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TABLE 1. RATING CRITERIA OF INTERFERENCE 
PATTERN 


Interference Pattern 





Grade Gaps Amplitude 
0 None 0 
] Many Much reduced 
2 Few Little reduced 
3 None Good (equal to that of intact side) 


Interference pattern was graded on scale of 0 to 3. 


thesda, Md) and a Macintosh II fx computer (Apple, 
Cupertino, Calif). The number of days required to 
return to preinjection movement was calculated. 


Electromyography. Electromyographic sampling 
of the thyroarytenoid muscle was performed on a 
Nicollet Viking electromyograph (Mound, Minn) 
with a 50-mm, 26-gauge monopolar needle electrode 
and a monopolar subcutaneous reference electrode. 
Filter settings of 20 Hz to 10 KHz and a sweep speed 
of 10 milliseconds per division were used. Display 
sensitivity of 50 uV per division was used for inter- 
ference pattern analysis. The most complete inter- 
ference pattern from the thyroarytenoid muscle was 
obtained by manipulation of the electrode within the 
muscle to maximize high-frequency content and am- 
plitude. Samples were taken before the first injec- 
tion, then every 2 to 3 days until 70 days after the 
second injection. The time required to return to prein- 
jection levels of interference was calculated. Inter- 
ference pattern measurements were made by two 
judges. One was blinded to the injected dosage and 
volume. Interference patterns were semiquantitative- 
ly graded from 0 to 3 (Table 1). Judgments of EMG 
measurements were made by comparing measure- 
ments made prior to injection and measurements 
made on the contralateral side. A greater interfer- 
ence response indicated greater muscle fiber activ- 


ity. 


Histology. All surviving rats underwent surgery 
under anesthesia to isolate both recurrent laryngeal 
nerves on day 70 after the second injection. The iso- 
lated nerves were stimulated by bipolar stimuli for 
20 minutes at 700 uA and 10 Hz, to achieve glyco- 
gen depletion in the intrinsic laryngeal muscles. Tra- 
cheotomy was performed to preserve ventilation dur- 
ing this procedure. All rats were then painlessly sac- 
rificed by intracardiac injection of 7.5% chloral hy- 
drate. Their larynges were immediately excised and 
frozen in liquid nitrogen. The frozen larynges were 
sectioned in the coronal plane continuously by cry- 
ostat at a thickness of 40 um from the anterior edge 
of the thyroid cartilage to the posterior surface of 
the cricoid cartilage. The frozen block was then re- 
mounted to slice the posterior cricoarytenoid mus- 





Fig 2. Mean actual optical density of lateral thyroary- 
tenoid (L-TA) muscle was 64.5 pixels on right (R) and 
33.0 pixels on left (L) side after glycogen depletion and 
periodic acid—Schiff staining in 6-week group. Right lat- 
eral thyroarytenoid muscle was smaller than left. 


cle transversely. Sections were air-dried for 20 min- 
utes. They were fixed in Histochoice (Amresco, So- 
lon, Ohio) for 5 minutes and washed in double-dis- 
tilled water for 30 seconds. 


Muscle fiber size was determined as the area and 
perimeter of the lateral thyroarytenoid muscle on 
both the injected and uninjected sides. The lateral 
thyroarytenoid muscle was divided into five parts: 
superior, median, inferior, lateral, and central. Mea- 
surement areas that were limited by the microscopic 
objective magnification (10x) were randomly cho- 
sen in each part. All muscle fibers in the field were 
measured and their areas and perimeters digitized. 


The optical density of the muscles was determined 
on samples immediately adjacent to sections used to 
measure fiber size. Fibers were stained by the peri- 
odic acid—Schiff (PAS) method. Sections washed of 
fixation solution were incubated in 1% periodic acid 
solution for 10 minutes and then washed with double- 
distilled water for 5 minutes with a water change 
after the first 2 minutes. Then the sections were 
stained with Schiff reagent (Fisher Scientific, Fair 
Lawn, NJ) for 10 minutes and washed in 0.5% so- 
dium metabisulfite three times for 2 minutes each. 
Slides were dehydrated and covered. Optical densi- 
ties as gray scales ranging from 0 to 256 pixels (Fig 
2) were digitized with a microscope (Leitz Wetzlar, 
Germany) connected to the computer (Macintosh II 
fx) with software (Image 1.59) with a C-mount and 
a CCD camera (CCD 72, Dage MTI, Michigan City, 
Ind). The whole area of the lateral thyroarytenoid 
muscle in coronal section at the level of the anterior 
third of the muscle was selected for measurements, 
and each measurement was performed three times 
under the same magnification (2.5x) and same power 
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Fig 3. Longitudinal observation of mean vocal 
fold movement ratio in each subject group. 
Reductions of vocal fold movement induced 
by botulinum toxin with repeated injection in 
]-week and 6-week groups were evident. 


Ratio ( Injection / Contralateral Side ) 
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of the light source. To minimize error due to the light 
source, we calibrated the source by absolute optical 
density using Photographic Step Tablet No. 2 (Ko- 
dak, Rochester, NY) before and after each measure- 
ment. 


Data Analysis. Of the nine rats, one in the 4-week 
group died on day 39 after the initial injection (day 
11 after second injection), apparently from an anes- 
thesia-related cause. The remaining eight rats were 
all observed for 70 days following the second injec- 
tion. 


Measurements of vocal fold movement, muscle 
fiber area and perimeter, and optical density were 
analyzed as ratios of the injection side to the con- 
tralateral side. Use of these ratios reduced errors due 
to associated confounding factors such as the anes- 
thetic condition of the rats, recurrent laryngeal nerve 


x VF Movement 
o Interference Pattern x 


Days until Functional Return 


1 Week 2 Week 4 Week 6 Week 


Repeated Injection Group 


Fig 4. Duration of effect (objective vocal fold [VF] move- 
ment and interference pattern). Subject groups were posi- 
tively correlated with time to recover function of vocal 
fold movement (p = .012). Overall ANOVA was not quite 
significant (p = .073). Significant pairwise differences 
were shown between 6-week group and 1-week group 
(p = .030) and between 6-week group and 2-week group 
(p = .030). 
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stimulation conditions, histologic stain variability, 
and artifacts. 


The duration of the BT effect was defined as the 
time required to recover 100% of the preinjection 
status for the measurements of interference pattern 
and vocal fold excursion, as predicted from linear 
regression. 


The cross-product ratio of the change after the sec- 
ond injection (postinjection divided by preinjection) 
to the change after the initial injection (postinjection 
divided by preinjection) of the vocal fold movement 
ratio was used for assessing the effect of BT. Pre- 
injection data for the initial injection were obtained 
on the day before injection. All data gathered within 
7 days before the second injection were used as sec- 
ond preinjection data. All measurements made within 
7 days after the initial and second injections were 
used for the postinjection data. 


Spearman rank correlation analysis was used to 
examine the relation between all measurements and 
the second injection groups. A correlation (rs) was 
considered significant at p « .05. If the Spearman 
rank correlation analysis for any group was signifi- 
cant, that group was further examined by compar- 
ing all pairs of means with Fisher's Protected Least 
Significant Difference Procedure.!5 All testing was 
done at the nominal 5%, and the reported p values 
control the comparison-wide type I error rate within 
each dependent variable. Interjudge agreement on 
subjective assessments of change was evaluated. 


RESULTS 


Vocal Fold Movement. The longitudinal observa- 
tions of the mean vocal fold movement ratio in each 
group are shown in Fig 3. The length of time needed 
to recover preinjection vocal fold movement ranged 
from 53.4 days in the 1-week group to 102.7 days in 
the 6-week group (Fig 4). The time needed to re- 
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TABLE 2. CROSS-PRODUCT RATIO OF PREINJECTION 
AND POSTINJECTION CHANGES OF VOCAL FOLD 


MOVEMENT RATIO 
Repeated-Injection Groups 
Rat ]-Week 2-Week 4-Week 6-Week 
] 0.505 0.385 0.374 1.23 
2 0.972 0.470 0.463 2.00 


Only 6-week group showed that effect of botulinum toxin induced 
by second injection was stronger than effect induced by initial in- 
jection. 


cover function was positively correlated (p < .012) 
with the group. The 6-week group needed over 19 
days on average more than any other group to re- 
cover preinjection vocal fold movement, but this was 
not significant. The cross-product ratio of the change 
in the vocal fold movement ratio between preinjec- 
tion and postinjection periods is shown in Table 2. 
Only the 6-week group showed an effect of the sec- 
ond injection that was stronger than that of the ini- 
tial injection. Although the overall ANOVA was not 
significant (p = .056), significant pairwise differ- 
ences were shown between the 6-week group and 
the 2-week group (p = .020) or the 4-week group (p 
= .020). 


Electromyography. Time needed to recover to pre- 
injection interference activity of muscle fibers ranged 
from 55.1 days in the 2-week group to 75.8 days in 
the 6-week group. Both rats in the 6-week group 
needed longer to recover muscle fiber function than 
rats in any other group. Although the overall ANOVA 
was not significant (p = .073), significant pairwise 
differences were shown between the 6-week group 
and the 1-week group (p = .030) or the 2-week group 
(p = .030; Fig 4). 


Muscle Fiber Size. The ratio of the mean muscle 
fiber area of the lateral thyroarytenoid muscle ranged 
from 0.995 in the 4-week group to 0.801 in the 6- 
week group (Fig 5). The mean muscle fiber area ra- 
tio was negatively correlated (p — .046) to the inter- 
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Fig 5. Muscle fiber area and perimeter ratio (lateral thyro- 
arytenoid muscle). Intervals between repeated injections 
were significantly correlated to mean muscle fiber area 
ratios (p = .046) and mean muscle fiber perimeter ratios 
(p = .01). Although overall ANOVA was not quite sig- 
nificant (p = .11), perimeter ratio of 6-week group was 
significantly smaller than those of 1-week (p = .04) and 
2-week (p = .04) groups. 


val between injections. The mean muscle fiber pe- 
rimeter ratio also showed a negative correlation; there 
was a stronger (p = .01) correlation between the pe- 
rimeter ratio and the subject groups than between 
the area ratio and the groups (Fig 5). Although the 
overall ANOVA was not significant (p = .11), some 
groups showed significant pairwise differences. The 
perimeter ratio of the 6-week group was significantly 
smaller than those of the 1-week (p = .04) and 2-week 
(p = .04) groups. 


Optical Density. The ratios of the injection side to 
the contralateral side for optical density measure- 
ments of the lateral thyroarytenoid muscle were sig- 
nificantly correlated (p < .01) to the interval between 
injections (Fig 6). The optical density ratios of the 
two rats in the 6-week group were 1.55 and 1.75 — 
higher than those of any other rats. Although the over- 
all ANOVA was not significant (p = .099), some 


ginjection Side Fig 6. Ratios of injection side to contralateral 
side regarding optical density measurements of 
lateral thyroarytenoid muscle were significant- 


DOMIN ly (p < .01) correlated to injection intervals of 
TE subject groups. Although overall ANOVA was 

= Ratio of not quite significant (p = .099), 6-week group 
Injection to had significantly higher optical density ratios 


Contralateral than 1-week group (p = .037) and 2-week group 

Side (p = .030). Actual measurements of mean opti- 
cal density of injection side revealed signifi- 
cant (p = .044) differences between groups. 
Mean optical density of 6-week group was sig- 
nificantly higher than those of other groups. 
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TABLE 3. COMPARISON BETWEEN SINGLE AND 
REPEATED INJECTIONS IN TIME TO 100% 


FUNCTIONAL RETURN 
Repeated Injection 
Functional Single l- 2- 4- 6- 
Measure Injection Week Week Week Week 
Vocal fold movement 52.7 55.7 54.5 60.6 82.1 
Interference pattern 57.0 56.1 56.0 58.4 71.7 


Time (in days) needed to recover preinjection status for measure- 
ments of interference pattern and vocal fold movement were com- 
pared between single botulinum toxin injection (preliminary study!4) 
and subject groups. 


groups showed significant pairwise differences. The 
6-week group had significantly higher optical den- 
sity ratios than the 1-week group (p = .037) or the 
2-week group (p = .030). Actual measurements of 
the mean optical density of the injection side revealed 
significant (p = .044) differences between the groups. 
The mean optical density in the 6-week group was 
55.8 — significantly higher than the 38.1 in the con- 
trol group (p = .031), the 41.5 in the 1-week group 
(p = .032), the 41.2 in the 2-week group (p = .030), 
or the 28.8 in the 4-week group (p = .010). 


Inter-rater Agreement. Exact agreement was 
88.6% (636/718), and agreement within one unit was 
99.9% (717/718). Spearman rank correlation re- 
vealed significant interjudge correlation (rs = .82, 
p = .001). These results indicate a fairly high degree 
of interjudge agreement. 


DISCUSSION 


This study was designed to investigate one of the 
variables that appears to have an impact on the effi- 
cacy of BT injections used in the treatment of SD. 
Although BT injection provides an effective means 
of symptom control in many patients with SD, the 
results are transient, and repeated injections are re- 
quired to achieve adequate control of symptoms. Se- 
lection of appropriate dosage, volume, and place- 
ment of injectate is usually empirical, and based on 
the clinician’s experience and subjective patient re- 
sponses. The timing of intervals between injections 
varies, but decisions are usually patient-driven, with 
some patients waiting until symptoms are severe and 
others seeking treatment preemptively before symp- 
toms recur. To develop a scientific basis for prescrib- 
ing BT injection parameters, there is a need for an 
animal model that can be used to demonstrate the 
physiological and morphological consequences of al- 
tering treatment variables. Although dogs have been 
used extensively for laryngeal studies, the canine 
larynx is anatomically quite different from the hu- 
man one, and in our ongoing comparative studies of 
larynges from other species, there does not appear 
to be an ideal model. We have found the rat conve- 


nient and useful in preliminary studies!?^ investi- 
gating the effect of dosage, volume, and placement 
of BT on the magnitude and duration of effect. In 
this study, the same model is used to establish pilot 
data on the effect of the interval between injections 
on the physiologic and histologic changes induced 
by laryngeal injection of BT. 


The methods employed are largely based on our 
prior BT studies!3-!4 in the rat. The dosage of 0.007 
units in a volume of 0.4 uL was chosen because we 
had demonstrated that it was the lowest dosage and 
volume that produced the maximal duration of func- 
tional paresis without inducing complete paralysis 
or airway obstruction in the rat. The selection of the 
dosage was also an attempt to simulate the incom- 
plete paresis that is typically achieved in the human 
for effective symptom control and minimal side ef- 
fects. The lateral thyroarytenoid muscle site for in- 
jection was chosen because it is relatively constant, 
a large muscle in the rat, and composed of type II 
fibers. Further, in the human, the thyroarytenoid is 
the muscle most typically injected for control of ad- 
ductor SD. The intervals between the initial and re- 
peated injections were selected on the basis of lin- 
ear regression analysis of our pilot data measuring 
the length of functional ablation from a single BT 
injection. We found that function was maximally re- 
duced at 1 week postinjection; measurable recovery 
began to be noticed at 2 weeks, 50% return was noted 
at 4 weeks, and 75% to 80% at 6 weeks. Full return 
of vocal fold movement was evident at 52.7 days, 
and a complete return to preinjection interference 
patterns was noted on EMG at 57 days (Table 314), 
We chose to study intervals in the period between 
maximal functional ablation and the recovery of 75% 
to 8096 of function. 


Our preliminary studies indicated a need to con- 
trol for the mechanical effect of needle insertion in 
addition to other variables associated with the pro- 
cedures in this experiment. It also was apparent that 
repeated insertion of the EMG electrodes caused 
some scar formation in the laryngeal muscles of the 
rat. Longitudinal observations of vocal fold excur- 
sion revealed some decrease bilaterally that might 
be ascribed to such changes. To prevent such factors 
from affecting the data in this study, we elected to 
employ the concept of ratios. The injected side was 
compared to the noninjected side, and the difference 
expressed as a ratio. In this fashion, the common 
events occurring due to repeated anesthesia induc- 
tions and bilateral needle insertions were accounted 
for by having each rat serve as its own control. 


The results of this study indicate a relationship 
between the interval between injections and the mag- 
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nitude of the BT injection effect. Although there was 
little difference noted among the 1-week, 2-week, 
and 4-week groups, the 6-week interval group dem- 
onstrated a distinctly prolonged time to recovery as 
shown by measurements of vocal fold movement and 
interference pattern. This difference was corrobo- 
rated by the prolonged absence of glycogen deple- 
tion capability evident on the significantly greater 
optical densities of the PAS-stained 6-week group 
compared to all other groups and the controls. His- 
tologic studies also showed a much greater degree 
of morphological alteration in the 6-week group, as 
reflected in reduced muscle fiber area and perim- 
eter ratios. 


It is not possible to extrapolate these data directly 
to provide a formula for treating humans with BT. 
These findings, however, provide a segment of the 
scientific matrix that might be used in developing a 
more rational approach to treatment. It appears that 
short intervals between injections (before evidence 
of 50% functional recovery) may not produce as pro- 
longed a functional BT effect as somewhat longer 
intervals. However, as we did not study injection in- 
tervals longer than 6 weeks (at which time functional 
recovery was about 80%), it is possible that the op- 
timal interval is even longer. 


The relative ineffectiveness of short interinjection 
intervals in producing a prolonged functional abla- 
tion might be due to the relative efficacy of BT in 
blocking acetylcholine release at the neuromuscular 
junction of muscles that have progressed further in 
the reinnervation process.197 The association of ter- 
minal axonal sprouting with reinnervation was evi- 
dent in our studies (unpublished) using rat gastroc- 
nemius muscle, wherein we observed sprouting be- 
ginning 2 weeks after BT injection. More time is 
probably required for these sprouts to develop func- 
tional end plates and thus end the myoneural block- 
ade of the muscle fiber. The resumption of myoneu- 
ral junction function should be associated with a de- 
crease in fibrillations and improvement of the inter- 
ference pattern. In a previous study,!4 we found that 
after a single BT injection of the rat thyroarytenoid 
muscle using the same dosage as in this study, fibril- 
lations were maximally present within 1 week and 
were absent after 3 weeks. The interference pattern 
was maximally depressed at 1 week and returned to 
baseline by approximately 7 weeks. These data sug- 
gest that many axonal sprouts have established func- 
tional reconnection between 3 and 7 weeks postin- 
jection. It is possible that BT injected within a short 
interval after the initial injection might be metabo- 
lized or denatured without binding to the target axon 
because the binding sites are occupied. After the ax- 


onal sprouts have established functional reconnection 
or, alternatively, when the BT is metabolized within 
the presynaptic axon terminal, the neuromuscular 
junctions might be more vulnerable to a second in- 
jection. Repeating the injection at shorter intervals 
might not create a greater effect than would simply 
combining the dosage of the two injections into a 
single injection. 


In addition to the restoration of myoneural junc- 
tion function, the reestablishment of muscle fiber 
diameter and strength may play a role in determin- 
ing the optimal interval. In order to maximally pro- 
long the desired weakness in patients receiving mul- 
tiple BT injections, it may be important to reinject 
the muscle after myoneural junction function has 
been restored, but before muscle atrophy has been 
reversed. In this study, muscle fiber circumference 
was smallest in the group reinjected at 6 weeks. Fur- 
ther study using longer interinjection intervals will 
be needed to determine the optimal interval. 


One of the problems with this study is the small 
number of rats used in each experimental group. This 
is largely due to our inability to garner sufficient 
funding to support more comprehensive studies, for 
there is scientific skepticism about the use of the rat 
for such studies. Such skepticism is in part method- 
ological, but should be dispelled by this study and 
our other pilot experiments demonstrating the feasi- 
bility of assessing the effects of BT injection in the 
rat larynx by means of customized videoendoscopy, 
digitized measures of vocal fold excursion, EMG 
assessment of interference patterns, and quantifica- 
tion of glycogen depletion with PAS staining and 
optical density determinations. The other issue is 
whether this physiological and morphological infor- 
mation is valid in the human. Clearly, there is not an 
anatomic correlation. That, however, can also be said 
of canine experiments, which have gained accep- 
tance largely because of the convenience of work- 
ing with a larger animal model. Increasing numbers 
of studies with the rat larynx have improved our un- 
derstanding of its anatomy and physiology; some 
analogies in fiber types of the different muscle groups 
and functional correlates are intriguing. We propose 
that further use of this rat laryngeal model might shed 
light on basic questions about BT metabolic action 
in laryngeal muscles and provide an approach to cor- 
relating our knowledge about the role of sprouting 
and morphological changes with neuromuscular 
functional changes induced by intralaryngeal BT in- 
jections. 


CONCLUSION 
It appears that the interval between initial and sub- 
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sequent BT injections does affect the physiological 
and morphological changes induced by the toxin. 
These changes include decreased vocal fold excur- 
sion, loss of the normal EMG interference pattern, 
and failure to deplete glycogen stores with prolonged 
stimulation as measured by the optical density of 
poststimulation PAS-stained lateral thyroarytenoid 
muscle. There was little enhancement of effect when 





repeat injections were given at 1 to 4 weeks, but those 
rats receiving their second injection at 6 weeks ex- 
hibited a markedly heightened response. Further 
study with this rat laryngeal model would be useful 
in achieving a greater understanding of the mecha- 
nisms of action of BT in the larynx and in develop- 
ing methods to enhance laryngeal denervation and 
delay undesirable reinnervation. 
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UTILITY OF HELICAL COMPUTED TOMOGRAPHY IN THE STUDY OF 
ARYTENOID DISLOCATION AND ARYTENOID SUBLUXATION 


ALBERT E. ALEXANDER, JR, MD 


GEORGE D. LYONS, MD 
DANIEL W. NUSS, MD 


MARY A. FAZEKAS-MAY, MD 
LISA DAVID, MD 


PETER L. RIGBY, MD 
KEVIN WILLIAMS 


NEW ORLEANS, LOUISIANA 


Conventional computed tomography (CT) has been considered a mainstay in the evaluation of the larynx. A major difficulty 
with utilizing this modality, especially in the study of the arytenoid, is the time necessary to perform a thin-slice examination 
through a structure that has a propensity to move with respiration and swallowing. Helical CT not only significantly reduces the time 
necessary to study the larynx, but enables one to perform multiple high-resolution multiplanar reconstructions. Eleven patients with 
arytenoid abnormalities documented by strobovideolaryngoscopy or direct laryngoscopy were imaged with helical CT. A compre- 
hensive radiographic examination illustrating the cricoarytenoid relationship in all of the subjects was completed in less than 20 
seconds by using axial reconstructions in 2-mm-thick slices at 1-mm intervals, with subsequently derived sagittal and coronal 
reconstructions. Helical CT may be a useful adjunct in the diagnosis of arytenoid subluxation or dislocation. 


KEY WORDS — arytenoid cartilage, helical computed tomography. 


INTRODUCTION 


The purpose of this study is to demonstrate the - 


extensive radiographic examination of the cricoary- 
tenoid relationship that is possible with helical com- 
puted tomography (HCT) and to show that a better 
three-dimensional conceptualization of arytenoid 
subluxation (AS) or arytenoid dislocation (AD) can 
be made by utilizing multiplanar image reconstruc- 
tion algorithms. 


An abnormal cricoarytenoid relationship can re- 
sult from intubation or neck trauma and is probably 
more common than is generally recognized.'? A 


timely evaluation of the status and cause of crico- 
arytenoid joint disease has tremendous implications 
for treatment and prognosis of voice restoration. 


MATERIALS AND METHODS 


Eleven adult patients with abnormalities of the cri- 
coarytenoid joint diagnosed or suspected by strobo- 
videolaryngoscopy (SVL) or direct laryngoscopy 
(DL) were imaged with HCT (Somatom Plus, Sie- 
mens Medical Systems, Erlangen, Germany) to con- 
firm or clarify the disorder. Additional subject char- 
acteristics are found in the Table. Patients were in- 


PATIENT CHARACTERISTICS 


Cerebrovascular accident requiring 


Patient Age Sex Cause 
1 55 M 
intubation 

2 51 M Intubation for cervical dise surgery 
3 46 M Intubation for anterior cervical fusion 
4 54 F Intubation for anterior cervical fusion 
5 55 F Tracheotomy 
6 53 M Intubation for back surgery 
I NR F Intubation for cervical fusion 
8 49 M Intubation 
9 26 F Intubation for cervical fusion 

10 63 F Intubation for appendectomy 

11 69 M Intubation for coronary artery bypass 


graft 


Chief SVL Arytenoid 

Complaint or DL Position Side 
Hoarseness SVL, DL Anterior R 
Dysphonia SVL, DL Posterior L 
Hoarseness SVL, DL NR R 
Hoarseness DL NR R 
NR DL Anterior L 
Dysphonia SVL, DL Vertical L 
NR SVL Posterior R 
Hoarseness SVL, DL Posterior R 
Hoarseness SVL, DL Posterior R 
Dysphonia SVL, DL Posterior L 
Hoarseness SVL, DL NR R, L 


SVL — strobovideolaryngoscopy, DL — direct laryngoscopy, NR — not recorded. 
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structed to breathe quietly during the study and not 
to swallow or cough during data acquisition. Heli- 
cal data were acquired by using 2-mm collimation 
with a table feed of 2 mm/s for a pitch of 1.0 at 120 
kV at 250 milliampere seconds. Each subject exami- 
nation took approximately 16 to 20 seconds to com- 
plete. Two-millimeter-thick axial images were then 
reconstructed at ]-mm intervals. Nine sagittal and 9 
coronal images were then generated from these axial 
data. This information was correlated with the find- 
ings of SVL or DL in all patients. 


RESULTS 


The arytenoids and the cricoarytenoid joint were 


Fig 2. (Patient 5) Sagittal reconstructions. A) Illustrating normal right cricoarytenoid relationship and edge of true vocal cord 





Fig l. (Patient 5) Axial reconstructions of patient with left 
arytenoid subluxation. A) Two-millimeter-thick reconstruction, 
demonstrating minimal asymmetry of left arytenoid (arrow). 
B) Three millimeters caudal to A, showing left arytenoid pro- 
jecting into subglottic area (arrow). C) Five millimeters caudal 
to A, still indicating anteriorly subluxated left arytenoid (ar- 
row). 
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consistently demonstrated on several of the overlap- 
ping thin axial reconstructions in each of the 11 pa- 
tients. Asymmetry, as measured by bilaterally com- 
paring the angles formed between the arytenoid and 
the back of the cricoid at the level of the vocal pro- 
cess, was noted on axial images in 9 of the 11 sub- 
Jects. The minimal difference between right and left 
joints was 15?. 

Occasionally, anterior tipping of the vocal process 
could be inferred from the axial data (Fig 1), as was 
the case in the 2 patients in whom axial asymmetry 
was not noted. High-quality sagittal (Fig 2) and coro- 
nal (Fig 3) reconstructions often were helpful in con- 
firming or clarifying the complex arytenoid orienta- 
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(arrowhead). B) Demonstrating relative anterior tilting of abnormal left arytenoid (arrowhead). Compare with A. 


1022 Alexander et al, Helical Computed Tomography in Arytenoid Dislocation 





tions possible in AS or AD. 


DISCUSSION 


The position of the arytenoid has been reported to 
be consistent on computed tomography (CT) as well 
as cadaveric specimens,?^ and although some au- 
thors suggest that small variations of the cricoid facet 
do exist from person to person and occasionally be- 
tween the right and left joints,? these differences 
may be too small to detect endoscopically or with 
CT. Any visualized asymmetry of the cricoarytenoid 
joints, therefore, should be viewed with suspicion 
and may be the result of AS or AD, or may be sec- 
ondary to recurrent laryngeal nerve (RLN) apraxia 
or RLN palsy. 


The term AS is probably best used to refer to an 
abnormal relationship of the arytenoid to the cricoid 
when joint surfaces still make contact. Arytenoid 
dislocation is used to describe complete separation 
of the arytenoid and cricoid joint surfaces.’ The vo- 
cal cord of the anteriorly subluxated or dislocated 
arytenoid is typically described as being placed in- 
ferior to the normal cord and medially rotated. Pos- 
terior AD or AS usually results in a superiorly posi- 
tioned cord that is laterally rotated.! However, be- 
cause the arytenoid is normally capable of sliding, 
rocking,® and some rotation, the final position of 
the displaced arytenoid may involve a variety of con- 
figurations. 


The configuration of the cricoarytenoid joint, glot- 
tis, and supraglottic regions in RLN palsy has been 
described.?? Typically, there are various degrees of 
cord atrophy that may be associated with dilation of 
the ipsilateral pyriform sinus and a shallow, wide 
ventricle. The position of the arytenoid is usually 
described as paramedian.? However, the final posi- 
tion of the involved vocal cord may vary, depending 
on the cause of disease and its site along the course 
of the vagus nerve or its recurrent branch.? The ary- 


Fig 3. (Patient 5) Coronal reconstructions. A) 
Showing anteriorly positioned left arytenoid (open 
arrow). B) Anterior to A, demonstrating normal 
right subglottic configuration (arrow) and fullness 
in left subglottis (arrowhead) that represents cau- 
dally displaced true vocal cord. 


tenoid, therefore, may be seen in fixed adduction or 
abduction and may be tilted anteromedially.? 


The spectrum of positions the arytenoid may take 
in AS or AD, and the overlapping appearances that 
are possible with RLN dysfunction, make the task 
of describing and assigning a cause for an asymmet- 
ric vocal process daunting. This is especially true 
when AS or AD coexists with an RLN apraxia or 


palsy. 


Strobovideolaryngoscopy, laryngeal electromyo- 
graphy (EMG), and conventional CT have been de- 
scribed as major tools for evaluation of the crico- 
arytenoid relationship.!:!9 The subjects in this study 
all had SVL or DL and HCT instead of conventional 
GT. 


Helical CT differs significantly from conventional 
CT in that the x-ray source-detector array of helical 
CT continuously circles the patient as he or she is 
moved through the gantry for a predetermined dis- 
tance and at a predetermined speed. The x-ray tube, 
therefore, proscribes a helix relative to the patient. 


Scanning time through the larynx is substantially 
reduced with helical CT, because x-ray attenuation 
data are collected continuously rather than in the 
"stop-and-shoot" fashion of conventional CT. Short 
scan times, in turn, reduce the possibility of motion 
contamination and resulting spatial misregistration 
that would occur if the patient swallowed or coughed 
during the critical imaging process. An additional 
advantage of helical scanning is that because the at- 
tenuation data are collected as a volume through the 
area of interest, one is able to arbitrarily and retro- 
spectively reconstruct two-dimensional images in 
any position, at any interval, with or without over- 
lap, ensuring a complete pictorial display of small 
anatomic parts, including the arytenoids. Overlap- 
ping axial two-dimensional images are in turn uti- 
lized to reconstruct high-quality sagittal and coro- 
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nal projections. !!.12 


The intensive interrogation of the cricoarytenoid 
relationship in the axial plane is the greatest advan- 
tage of HCT. Some asymmetry of the arytenoid, 
whether it was medial-lateral rotation or anterior- 
posterior tilting, was ultimately detected in all of the 
subjects in this study by evaluating and comparing 
the patient’s two vocal processes on multiple axial 
images. 


In conclusion, the arytenoid may assume a large 
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variety of positions in AS, AD, RLN apraxia, and 
palsy. The status and cause of an abnormal crico- 
arytenoid relationship can usually be ascertained by 
SVL and EMG. Helical CT may provide an alter- 
nate and inexpensive way to evaluate this area if the 
clinical evaluation of the larynx is compromised by 
swollen tissue, or if expertise or availability of SVL 
and EMG is limited. Serial HCT imaging of arytenoid 
abnormalities may help quantify therapy and pro- 
vide additional follow-up documentation of this com- 
plex entity. 


REFERENCES 


]. Sataloff RT, Bough ID Jr, Spiegel JR. Arytenoid dislo- 
cation: diagnosis and treatment. Laryngoscope 1994;104:1353- 
61. 


2. Roberts D, McQuinn T, Beckerman RC. Neonatal aryte- 
noid dislocation. Pediatrics 1988;81:580-2. 


3. Agha FP. Recurrent laryngeal nerve paralysis: a laryn- 
gographic and computed tomographic study. Radiology 1983; 
148:149-55. 


4. Mave WM, Dickson DR. Cartilages and ligaments of the 
adult human larynx. Arch Otolaryngol 1971;94:432-9. 


5. Sellars IE, Dip TP, Keen EN. The anatomy and move- 
ments of the cricoarytenoid joint. Laryngoscope 1978;88:667- 
74. 


6. Sellars I, Sellars S. Cricoarytenoid joint structure and 
function. J Laryngol Otol 1983;97:1027-34. 


u 


7. Close LG, Merkel M, Watson B, Schaefer SD. Crico- 
arytenoid subluxation, computed tomography and electromyo- 
graphy findings. Head Neck Surg 1987;9:341-8, 


8. von Leden H, Moore P. The mechanics of the crico- 
arytenoid joint. Arch Otolaryngol 1961;73:63-72. 


9. Jacobs CJM, Harnsberger HR, Lufkin RB, Osborn AG, 


Smoker WRK, Parkin JL. Vagal neuropathy: evaluation with 
CT and MR imaging. Radiology 1987;164:97-102. 


10. Hoffman HT, Brunberg JA, Winter P, Sullivan MJ, Kileny 


PR. Arytenoid subluxation: diagnosis and treatment. Ann Otol 
Rhinol Laryngol 1991;100:1-9. 


11. Brink JA, Heiken JP, Wang G, McEnery KW, Schlueter 
FJ, Vannier MW. Helical CT: principles and technical consid- 
erations. Radiographics 1994;14:887-93. 


12. Kalender WA. Technical foundations of spiral CT. Semin 
Ultrasound CT MR 1994;15:281-9. 


17TH UICC INTERNATIONAL CANCER CONGRESS 


The 17th UICC International Cancer Congress will be held August 24-28, 1998, in Rio de Janeiro, Brazil. For information, contact 
CERTAME, Av. Presidente Wilson, 164/9° andar, CEP 20030-020, Rio de Janeiro, RJ, Brasil: telephone (021) 220-3386; fax (021) 240- 


8195. 


ET aao 


. 


Ann Otol Rhinol Laryngol 106:1997 
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Basaloid squamous cell carcinoma (BSCC) is a recently described bimorphic variant of squamous cell carcinoma with distinct 
morphological and biological features. We describe the clinicopathological findings, along with immunohistochemical and ultra- 
structural investigations, in 15 new cases of BSCC of the larynx or hypopharynx observed and treated at the otolaryngology depart- 
ment of the University of Padua between 1989 and 1995. The world literature is also reviewed in order to develop a more accurate 
clinicopathological profile of the tumor. Patient records and histologic slides were reviewed in all of our 15 cases. The patient group 
consisted of 13 men (86.67%) and 2 women with a mean age of 63.33 years (median 69 years; range 44 to 84 years). Nine patients 
presented with cervical lymph node metastases. Surgical treatment was the therapy of choice; radiotherapy and chemotherapy have 
been applied in different combinations, Follow-up was available on all 15 cases. Local recurrence was described in 3 cases. Five of 
the 9 patients with cervical lymph node metastases developed distant metastases. Distant spread of the tumor without lymph node 
involvement was observed during follow-up in 4 cases. Nine patients died of disease, 2 are alive with widespread metastases, 2 are 
alive with no evidence of disease, and 2 have died of other causes. The determined 5-year survival was estimated to be 17.5% by the 
Kaplan-Meier method. In conclusion, BSCC is a distinctive carcinoma that is important to recognize, because it has a more aggres- 
sive biological behavior than conventional squamous cell carcinoma. 
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e term was first used by Wain et al’ in 1986. They DILUTION OF ANTIBODIES USED IN THIS STUDY 
reported 10 cases occurring in the tongue, hypophar- Scan ———— Anuhodes ^ M Dub 
ynx, and larynx and stressed that this tumor was a MM À MM MÀ MM M 
distinct, previously undescribed histopathological CK 8 camo E od 
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describes the clinicopathological findings in 15 new ChromograninA  LK10H2 Hybritec 1/100 
cases of BSCC of the larynx and hypopharynx and Synaptophysin SY38 Boehringer 1/20 
evaluates the behavior and natural history of this 5-100 protein $100 Dako 1/5,000 
recently recognized neoplasm. Alpha smooth 
muscle actin 1A4 Sigma 1/5,000 
MATERIALS AND METHODS Collagen IV CIV22 Dako 1/100 
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pharyngeal sites were observed and treated at the factor receptor — 31G7 Triton 1/10 
otolaryngology department of the University of Pa- p53 DO7 Dako 1/200 
dua between 1989 and 1995. The available medical Ki-67 MIBI Immunotech 1/300 
records on each patient were reviewed for the fol- c-erbB-2 CB11 Novocastra 1/200 


From the Departments of Otolaryngology (Ferlito, Rinaldo) and Pathology (Altavilla), University of Padua, Padua, and the Division of Pathol- 
ogy, Belluno Hospital, Belluno (Doglioni), Italy. Supported by The Laryngeal Cancer Association, Italy. 

Presented at the meeting of the American Laryngological Association, Scottsdale, Arizona, May 10-11, 1997, 

CORRESPONDENCE — Alfio Ferlito, MD, Dept of Otolaryngology-Head and Neck Surgery, University of Udine, Policlinico Città di Udine, 
Viale Venezia 410, 33100 Udine, Italy. 


1024 


Patient Age 


l 


10 


61 


70 


84 


75 


51 


51 


74 


45 


70 


69 


" 


66 


70 


Ferlito et al, Basaloid Squamous Cell Carcinoma 


1025 


TABLE 2. CLINICOPATHOLOGICAL FINDINGS IN FIFTEEN NEW CASES OF BASALOID SQUAMOUS CELL 
CARCINOMA OF LARYNX OR HYPOPHARYNX 


Sex 


Site 


Pyriform sinus, 
aryepiglottic fold, 
true and false vo- 
cal cords 
Pyriform sinus, 
aryepiglottic fold, 
epiglottis 
Epiglottis, aryepi- 
glottic folds 


Pyriform sinus, epi- 
glottis, glottic re- 
Bion 

Pyriform sinus, ary- 
epiglottic fold, 
arytenoid 
Retrocricoid re- 
gion 


Pyriform sinus, 
arytenoid 


Epiglottis 


Hemilarynx 


Epiglottis 


Hemilarynx 


Epiglottis, false vo- 
cal cord, anterior 
commissure 


Vocal cord, ventric- 
ular band, ventri- 
cle, anterior com- 
missure, subglottis 


Epiglottis, pharyn- 
goepiglottic fold, 
aryepiglottic fold, 
vallecula 
Epiglottis, tongue 
base, vallecula 


Stage 
at Pre- 
sentation 


IV 


IV 


ni 


IV 


IV 


IV 


IV 


Ili 


IV 


IV 


IV 


Cervical 
Lymph 
Node Me- 
tastases 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


Yes 


Yes 


Yes 


Distant Me- 
tastases 


Lungs 


Lungs 


No 


No 


No 


Lungs, throm- 
bosis of supe- 
rior vena cava 


Lungs, liver, 
bones 


Lungs, medi- 
astinal lymph 
nodes 


No 


Lungs 


No 


Lungs, liver, 
brain 


Lungs 


No 


Lungs 


Treatment 


Pharyngolaryngec- 

tomy, hemithyroid- 
ectomy, right 

RND, left FND, RT 
Pharyngolaryngec- 

tomy 


Supraglottic laryn- 
gectomy, right FND 


Pharyngolaryngec- 
tomy, right FND, 
RT, CT 
Pharyngolaryngec- 
tomy, right RND, 
left MND, RT 
Pharyngolaryngec- 
tomy, right RND, 
left FND, RT, CT 


Pharyngolaryngec- 
tomy, left RND, 
RT 

Supragiottic laryn- 
gectomy, bilateral 
FND, RT, total 
laryngectomy 


Hemilaryngecto- 
my, RT 


Supraglottic laryn- 
gectomy, left FND 


Total laryngecto- 
my, RT 


RT, left RND, 
total laryngectomy 


RT, total laryngec- 
tomy, bilateral FND 


Supraglottic laryn- 


gectomy, right RND, 


left MND, RT 


Excision of tongue 
base, supraglottic 
laryngectomy, left 
RND, right FND, 
RT, CT 


Recur- 
rence 


No 


Yes 


No 


No 


No 


No 


Yes 


No 


No 


No 


Yes 


No 


No 


Follow- 


up 


DOD 
17 mo 


DOD 
11 mo 


DOC 
53 mo 


DOD 
33 mo 


DOD 
24 mo 


DOD 
14 mo 


DOD 
10 mo 


AWD 
60 mo 


DOC 
I2 mo 


DOD 
5 mo 


NED 
37 mo 


DOD 
49 mo 


DOD 
55 mo 


NED 
21 mo 


AWD 
21 mo 


Remarks 


Presence of distant 
metastases with- 
out cervical lymph 
node metastases 
Lymph node in- 
volvement after 
surgery 


"Patient died of 


acute myocardial 
infarction 


Synchronous squa- 
mous cell carci- 
noma of epiglottis 
and vallecula 


Presence of distant 
Metastases with- 
out cervical lymph 
node metastases 
Patient underwent 
pulmonary exci- 
sion for lung me- 
tastases and CT + 
RT for mediasti- 
nal lymph node 
metastases 


Metachronous 
Squamous cell 
lung carcinoma 
(diagnosed and 
treated 18 mo 
before) 


Patient died of in- 
testinal occlusion 


Presence of distant 
metastases with- 
out Cervical lymph 
node metastases 


Synchronous ade- 
nocarcinoma of 
lung and metach- 
ronous rectal 
adenocarcinoma 
Presence of distant 
metastases with- 
out cervical lymph 
node metastases 
Patient was treated 
with RT + CT for 
neck recurrence 
Stomal recurrence 
was present 


RND — radical neck dissection, END — functional neck dissection, RT — radiotherapy, DOD — dead of disease, DOC — dead of other causes, CT — chemotherapy, 
MND — modified neck dissection, AWD — alive with disease, NED — no evidence of disease. 
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Fig 1. Supraglottic basaloid squamous cell carcinoma. 
Note exophytic lesion. 


follow-up. Light microscopy and immunohistochem- 
ical investigations were used to review all cases that 
were classified as adenoid cystic carcinoma ( ACC), 
poorly differentiated or undifferentiated carcinoma, 
neuroendocrine carcinoma, or BSCC. 


The hematoxylin-eosin-stained sections of both 
biopsy material and surgical specimens were re- 
viewed to confirm the diagnosis of BSCC. In all 
cases, formalin-fixed, paraffin-embedded tissue sec- 
tions were studied with a panel of antibodies (Table 
1) by the avidin-biotin-peroxidase complex (ABC- 
peroxidase) method. Rehydrated histological sec- 
tions were predigested with 0.025% trypsin in 0.05 
mol/L Tris pH 7.8 with 0.1% calcium chloride at 
37°C for 20 minutes prior to immunostaining with 
Cam 5.2, AEI/AE3, and VIM 9 antibodies. The anti- 





gen retrieval method!? was used for V9, VIM 13-2, 
MIBI, 31G7, SY38, DO7, and CIV22 immunola- 
beling. Briefly, deparaffinized and rehydrated sec- 
tions were immersed in a Coplin jar filled with 0.01 
mol/L sodium citrate buffer pH 6.0 and incubated in 
a microwave oven for two 7-minute cycles, each at 
700 W. The slides were left to cool and then rinsed 
in two phosphate-buffered saline (PBS) washes (pH 
7.6) prior to immunostaining. Overnight incubation 
with primary antibodies was performed in all cases. 
Biotinylated secondary antibodies and avidin-bio- 
tinylated horseradish peroxidase complex (Vector 
ABC Elite Kit) were obtained from Vector Labora- 
tories (Burlingame, Calif). Four cases were studied 
with serial sections in order to ascertain the topo- 
graphical relationships in the expression of S-100 
protein, smooth muscle actin, and collagen type IV. 
The primary antibody was replaced with buffer and 
appropriate nonimmune immunoglobulins for nega- 
tive case control purposes. 


In 6 cases, tissue fragments were processed for 
ultrastructural observation and were fixed in 2.596 
glutaraldehyde in PBS 0.2 mol/L pH 7.2 for 6 to 8 
hours, post-fixed in 1% osmium tetroxide in PBS 
for 4 hours, and then dehydrated and embedded in 
Epon. Ultrathin sections were stained with uranyl 
acetate and lead citrate and observed with the Hitachi 
HS-7000. Three of these cases were not included in 
the present series, because they were only recently 
diagnosed and consequently lack sufficient follow- 


up. 
CLINICAL FEATURES 
The clinical features are detailed in Table 2. The 


Fig 2. Transverse section of specimen 
in Fig 1 showing exophytic and infiltrat- 
ing tumor. 
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Fig 3. Basaloid squamous cell carcinoma 
of larynx showing conventional squa- 
mous cell carcinoma and basaloid com- 
ponent (H & E, original x100). 


patients included 13 men and 2 women, all white. 
Their mean age at diagnosis was 63.33 years (me- 
dian 69 years; range 44 to 84 years). All the male 
patients were heavy smokers and admitted to being 
heavy drinkers of alcohol. Most patients presented 
with multiple complaints. The most common, in de- 
scending order of frequency, were dysphonia, dys- 
phagia, and otalgia. 


The tumor originated from the larynx in 9 cases 
and from the hypopharynx in 6 (5 from the pyriform 
sinus and | from the retrocricoid region). Ten pa- 
tients presented with stage IV, 2 with stage III, and 3 
with stage II disease. 


Fight patients (Nos. 3-7, 12, 14, and 15) revealed 
cervical lymph node metastases at presentation; 4 of 
these developed distant metastases — to the lungs 
in | case, and to multiple sites in 3. During follow-up, 


Fig 4. Solid lobular pattern with periph- 
eral palisading and central comedo-type 
necrosis (H & E, original x40). 
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metastasis to the cervical lymph nodes occurred in | 
case (No. 2), and lung metastases were also found in 
the same patient. Distant spread of the tumor with- 
out lymph node involvement was observed during 
follow-up in 4 cases (Nos. 1, 8, 10, and 13). 


The primary neoplasm and regional lymph nodes 
were surgically excised in 12 cases (Nos. 1, 3-8, 10, 
and 12-15). Eight of these (Nos. 1, 4-8, 14, and 15) 
received postoperative radiotherapy, and radiother- 
apy was used preoperatively in 2 cases (Nos. 12 and 
13). Chemotherapy complementary to surgery and 
irradiation was administered in 3 cases (Nos. 4, 6, 
and 15). One patient (No. 2) underwent surgical ex- 
cision of the primary tumor alone. In the other 2 cases 
(Nos. 9 and 11), surgery of the primary lesion was 
associated with postoperative radiotherapy. One pa- 
tient (No. 8) underwent pulmonary excision for the 
lung metastases and a combination of radiotherapy 
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and chemotherapy for mediastinal lymph node me- 
tastases. Another patient (No. 13) was treated with 
radiotherapy and chemotherapy for a neck recur- 
rence. Three patients (Nos. 2, 8, and 13) experienced 
local recurrence, one of whom (No. 13) presented 
also stomal recurrence. 


Follow-up was available on all 15 cases and ranged 
from 5 to 60 months (mean 28.1 months; median 21 
months). Nine patients died of disease at 5, 10, 11, 
14, 17, 24, 33, 49, and 55 months; 2 are alive with 
disease at 21 and 60 months; 2 are alive with no 
evidence of disease at 21 and 37 months; and 2 died 
of other causes (acute myocardial infarction at 53 
months and intestinal occlusion at 12 months). 


In 3 patients, BSCC was associated with other 
primary neoplasms: in 1 case a synchronous SCC 
was found in the epiglottis and vallecula; in another 


re 


Fig 6. Clear cells in basaloid squamous 
cell carcinoma (H & E, original x100). 








Fig 5. Hyaline material displaying peri- 
cellular arrangement (H & E, original 
x100). 


case a metachronous SCC of the lung had been di- 
agnosed and treated 18 months previously; and in 
the last case a synchronous adenocarcinoma of the 
lung and a metachronous adenocarcinoma of the rec- 
tum were diagnosed. 


PATHOLOGICAL FEATURES 


Gross examination revealed firm to hard, poorly 
defined, exophytic, polypoid, and often centrally 
ulcerated masses (Figs 1 and 2). Microscopically, 
these were composed of a carcinoma with a basaloid 
pattern, associated with in situ and/or invasive SCC 
(Fig 3). The basaloid pattern consisted of small, 
crowded cells with hyperchromatic nuclei, scant cy- 
toplasm, small cystic spaces containing material re- 
sembling mucin that stained with periodic acid- 
Schiff (PAS) stain and/or Alcian blue, foci of coagu- 
lative necrosis within the central areas of the tumor 
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Fig 7. Clinical appearance of very large cervical lymph 
node metastases. 


lobules (comedonecrosis), peripheral palisading (Fig 
4), and focal areas of stromal hyalinization (Fig 5). 
A small cell carcinoma component was occasion- 
ally present. Lymphovascular permeation was com- 
mon. Clear cell changes were seen in some cases 
(Fig 6). Perineural involvement was also present. The 
squamous carcinoma was usually well or moderately 
differentiated and could be superficially invasive. Ar- 
eas of dysplasia were sometimes present. An abrupt 
transition between the basaloid component and the 
keratin pearls was also observed. A spindle cell com- 
ponent was occasionally found associated with os- 
teoclastlike giant cells. Metastatic tumor to the re- 
gional lymph nodes (Fig 7) and lungs (Fig 8) was 
identified, and was composed of squamous or basa- 
loid components or both (Fig 9), but was usually 
basaloid in composition. 










Fig 8. Computed tomography scan showing multiple me- 
tastases to lungs. 


Immunohistochemistry. In all the cases studied, 
cytokeratin immunoreactivity was observed in the 
basaloid component with Cam 5.2 and AEI/AE3; 
the reaction was diffuse in 5 cases, heterogeneous in 
8, and focal in 2. All the cases displayed vimentin 
immunostaining as a delicate perinuclear ring and/ 
or perinuclear dot (Fig 10). This reaction was ob- 
served with all antivimentin antibodies and was 
found in various proportions of basaloid cells, rang- 
ing from 20% to 60%. The squamous component in 
these cases, and also in a series of 10 cases of con- 
ventional SCC (data not shown), was devoid of vi- 
mentin immunoreactivity. S-100 protein displayed 
two patterns of reaction: in most cases, numerous S- 
100 protein-positive dendritic cells were interspersed 
in the tumor cell population. These dendritic cells 
were further characterized as Langerhans cells with 
a CDla-positive reaction (data not shown). In 5 
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cases, on the other hand, a limited proportion of basa- 
loid cells (10% to 20%) showed S-100 immunore- 
activity. Focal actin staining was observed in 4 cases. 
Collagen IV decorated the basal lamina surrounding 
neoplastic nodules; it was also present inside some 
basaloid nodules in 5 cases, in which single cells 
were delineated by collagen IV antibody. Serial sec- 
tions demonstrated coexpression of S-100 protein, 
smooth muscle actin (Fig 11), and collagen IV in 
the same areas. Intense membrane staining with anti- 
epidermal growth factor receptor antibody was ob- 
served in all cases in both the basaloid and the squa- 
mous components. Nuclear p53 immunostaining was 
present in the majority of cells (26096) in 10 of the 
15 cases of BSCC; an identical pattern of immuno- 
reaction was observed in the squamous component 
in the same cases. The proliferation marker MIBI/ 
Ki-67 labeled more than 50% of the cells in all cases. 


Fig 11. Another area of tumor showing 
positivity for smooth muscle actin (H & 
E, original x100). 
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Fig 10. Tumor showing positivity for vi- 
mentin immunostaining (H & E, origi- 


: * nal x100). 


Neuroendocrine markers (chromogranin and synap- 
tophysin) and the oncogene product c-erbB-2 were 
negative in all cases. 


Electron Microscopy. Ultrastructurally, the basa- 
loid cells were prevalently polygonal, with a round, 
centrally located nucleus. Nuclear chromatin was dis- 
persed in dense granules concentrated in the inner- 
most part of the nuclear membrane; a voluminous 
nucleolus was occasionally seen. The cytoplasm gen- 
erally contained a few organelles that resembled un- 
differentiated or immature cells. Free ribosomes, 
polyribosomes, and strands of rough endoplasmic 
reticulum, elongated mitochondria, and small aggre- 
gates of intermediate filaments were observed. In 
all cases, the cells were connected by desmosomelike 
junctions. These belt junctions showed inconstant 
short annexed tonofilament bundles. Tonofilaments 
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Fig 12. Tumor cells with squamous dif- 
ferentiation containing tonofibrils in cy- 
toplasm (uranyl acetate-lead citrate, 
original x9,000). Thick reduplication of 
basal lamina is clearly evident, also 
forming irregular round deposits in stro- 
ma. 


were more evident in the cytoplasm of the differen- 
tiated squamous tumor cells. The basal lamina was 
constantly present and was generally distinctly rep- 
licated, frequently forming round deposits with a 
lamellar architecture lined by tumor cells (Fig 12). 
Some cells contained hemidesmosomes, but others 
lacked any basal lamina, and in these, the cytoplas- 
mic membrane was in direct contact with the stro- 
mal collagen fibrils. In 2 cases, the intercellular 
spaces were abnormally dilated, with an irregular 
outline of the cytoplasmic membrane containing thin 
filopodia; rare short microvilli were also observed. 


DISCUSSION 


The natural history of BSCC is characterized pri- 
marily by an aggressive biological behavior with a 
propensity to metastasize widely and a potential for 
local recurrence. We have identified 158 cases of 
BSCC of the head and neck reported in the litera- 
ture. 1.1155 The large series reported by Banks et al? 
probably included the 16 cases reported by Larner 
et al! and 9 cases reported elsewhere by Banks et 
al.!? The cases of BSCC reported by Catalano et al30 
and previously by Coppola et al?! are the same as 
the ones described by Coppola et al?’ in 1993. Muller 
and Barnes*? mentioned 30 cases of BSCC from the 
files of the Department of Pathology, Presbyterian 
University Hospital and The Eye and Ear Institute, 
Pittsburgh, Pennsylvania, and reported 2 cases lo- 
cated in the tonsil and in the larynx. This large series 
included 10 cases previously reported from the same 
department.4! The case of BSCC described by de 
Araujo et al* has not been included in this review, 
because the illustrations are not convincing, as al- 
ready pointed out by Raslan et al.4! Among these 
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cases, 69 BSCCs occurred in the larynx and hy- 
popharynx. !.11-17,21,22,24,25,28,32,33,35,37,40,43 The clini- 
copathological features of the cases reported in this 
study are very similar to those documented in the 
literature.*! 


In our series, the lesion mainly affected men (13/ 
15 or 86.67%) in their sixties and seventies (7/13 or 
53.84%). The tumor is considered rare, but the re- 
ported incidence may be significantly lower than its 
actual occurrence. Most of our patients had a his- 
tory of heavy smoking and alcohol abuse. Symptoms 
depended on the location of the neoplasm, but cer- 
vical lymph node metastases were often recognized 
on presentation. This tumor is typically detected at 
an advanced stage. 


Macroscopically, BSCC appeared as an exophytic, 
polypoid, firm, but poorly defined mass with sur- 
face ulceration. Microscopically, it was a carcinoma 
composed of a dual population of cells with a 
basaloid pattern and a squamous component. The 
basaloid cells appeared small, with hyperchromatic 
nuclei, sometimes with nucleoli, and scant cyto- 
plasm, forming lobules with cystlike spaces contain- 
ing material similar to mucin that stained with PAS 
stain and/or Alcian blue, and with areas of central 
coagulative necrosis (comedonecrosis). Foci of stro- 
mal hyalinization and, sometimes, perineural inva- 
sion were also present. The squamous component 
exhibited either high-grade dysplasia or carcinoma 
in situ of the superficial mucosa, but it could also be 
invasive and present as well- or moderately differ- 
entiated SCC. Basaloid SCC may also exhibit a ma- 
lignant spindle cell component very like spindle cell 
carcinoma.^? Metastases revealed either basaloid or 
squamous components or both. 
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TABLE 3. COMPARISON OF PATHOLOGICAL AND 
CLINICAL FINDINGS BETWEEN BASALOID 
SQUAMOUS CELL CARCINOMA AND ADENOID 
CYSTIC CARCINOMA IN LARYNX AND 


HYPOPHARYNX 
Basaloid Adenoid 
Squamous Cell Cystic 
Features Carcinoma Carcinoma 
Sex Male No signifi- 
predominance cant sex 
predominance 
Age 50-70 years 40-60 years 
Sites of predilection Supraglottis, Subglottis 
pyriform 
sinus 
Classic cribriform Absent Present 
pattern 
Mitoses Abundant Scarce 
Nuclear pleomorphism Prominent Rare 
Squamous component Present Absent 
Perineural growth Inconstant Prominent 
Osseous or chondroid May be Absent 
metaplasia present 
Cervical lymph node Usually Absent 
metastases present 
Necrosis \ Frequent Rare 
Clear cells May be Absent 
present 
Vimentin positivity Perinuclear Diffuse 
rim and dot cytoplasmic 
Actin positivity Focal Diffuse 
5-100 positivity Focal; Diffuse; 
dendritic dendritic 
cell present cell absent 
Collagen IV Focal Abundant 
Ki-67/MIB1 High Low 
Presentation High-stage Low-stage 
Clinical course Very Slow, 
aggressive indolent 
Short-term therapeutic Unfavorable Favorable 


results 


Modified from Ferlito.*? 


Ultrastructurally, BSCC cells showed character- 
istic patterns similar to those of undifferentiated or 
immature cells (reserve cells), though there was a 
strong tendency (4/6 or 66.67%) toward squamous 
differentiation (ie, the presence of junctions and 
tonofibrils); abortive glandular differentiation was 
detectable in 2 cases. Moreover, these neoplastic cells 
constantly revealed the ability to secrete and accu- 
mulate basal lamina components. Multiple foci of 
amorphous eosinophilic or mucinous material among 
the basaloid tumor cells were recently observed by 
Hewan-Lowe and Dardick?? and indicate deposits 
of basal lamina substance.^ No secretory granules 
were identified.? 


Although clinical and pathological data from this 
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TABLE 4. HISTOLOGICAL DIAGNOSIS 


Diagnosis 
Diagnosis on Surgical Review of 

Patient on Biopsy Specimen Slides 
1 ACC ACC BSCC 
2 ACC ACC BSCC 
3 SCC BSCC BSCC 
4 SCC SCC BSCC 
5 SCC BSCC BSCC 
6 SCC BSCC BSCC 
7 SCC BSCC BSCC 
8 SCC BSCC BSCC 
9 SCC BSCC BSCC 
10 SCC BSCC BSCC 
11 SCC BSCC BSCC 
12 SCC BSCC BSCC 
13 SCC BSCC BSCC 
14 BSCC SCC BSCC 
15 BSCC BSCC BSCC 


ACC — adenoid cystic carcinoma, BSCC — basaloid squamous cell 
carcinoma, SCC — squamous cell carcinoma. 


and previous series delineate a specific histological 
type, several immunohistochemical investigations 
have failed to identify a common and specific phe- 
notype for this lesion. Furthermore, some common 
phenotypic markers have been reported in previous 
series, with strikingly contrasting results; for ex- 
ample, Tsang et all6 reported vimentin immunore- 
activity in 3 of 9 BSCCs, whereas none of the 12 
cases reported by Klijanienko et al?2 were positive 
with this antibody. The same can be said for S-100 
protein and for muscle-specific actin, with some se- 
ries indicating a large proportion of positive cases 
and other series being totally negative. A difference 
in the sensitivity of different immunohistochemical 
protocols may account for these discrepancies. In 
our series, we used the heat-induced retrieval method 
in order to obtain a consistently high sensitivity of 
the ABC-peroxidase reaction, especially for antigens 
such as vimentin, which sufférs from prolonged for- 
malin fixation. In fact, we suggest that vimentin 
immunoreactivity, in this context, is peculiar to the 
basaloid cells in BSCC. Other significant features 
of BSCC are the patterns of immunoreactivity for 
$-100 protein and muscle-specific actin; coupled 
with the morphological and electron microscopic 
findings, this reactivity — albeit limited in the num- 
ber of cases and the number of stained cells involved 
— suggests an origin from totipotential cells. Su- 
perficial biopsy specimens may not be representa- 
tive of the whole of a lesion, so an initial diagnosis 
may prove erroneous. The lesion may be confused 
with ACC, small cell neuroendocrine carcinoma, 
basal cell adenocarcinoma, adenosquamous carcino- 
ma, SCC, spindle cell squamous carcinoma, muco- 
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Fig 13. Survival curve of basaloid squamous cell carci- 
nomas of larynx and hypopharynx (Kaplan-Meier). 


epidermoid carcinoma, or adenoid SCC. À more 
comprehensive discussion of the differential diagno- 
sis of laryngeal BSCC is available elsewhere,^6 but 
the most difficult differential diagnosis is from ACC 
of the solid type and from small cell neuroendocrine 
carcinoma. Adenoid cystic carcinoma is not associ- 
ated with smoking or alcohol, and occurs in younger 
individuals. It is also less aggressive. Table 347 sum- 
marizes the differential pathologic and clinical as- 
pects of the two tumors. Before this new phenotype 
was recognized, these tumors were classified as un- 
differentiated or poorly differentiated SCCs. As a 
matter of fact, of 115 cases of poorly differentiated 
carcinoma of the lung, 37 with sufficient clinical da- 
ta were reclassified as primary BSCC.6 This situ- 
ation occurred in our series, too (Table 4): diagno- 
sis on biopsy originally indicated SCC in 11 cases 
(73.33%), ACC in 2 (13.33%), and BSCC in only 2 
patients (13.33%). Sometimes, the diagnosis on sur- 
gical specimens was also wrong: in our series, 11 
cases of BSCC were correctly diagnosed (73.33%), 
for 2 cases the initial diagnosis of ACC was reiter- 
ated (13.3396), and 2 cases were classified as SCC 
(13.3390). However, a careful and meticulous review 
of all the slides proved that these tumors all had the 
pathological features of BSCC. All these findings 
confirm the difficulty that persists in reaching a his- 
tological diagnosis of this particular neoplasm. The 
case reported by McKay and Bilous!! was also ini- 
tially diagnosed as ACC. 


Immunohistochemistry also plays an important 
part in distinguishing BSCC from neuroendocrine 
carcinomas and ACC, with which it has frequently 
been confused in the past. Unlike neuroendocrine 
carcinoma, BSCC never expresses neuroendocrine 
markers. With respect to ACC, BSCC displays ac- 
tin, S-100, and collagen IV only focally and in a 
limited number of cases; a proliferation marker such 
as MIB1/Ki-67 easily separates these two entities, 


clearly reflecting their different biological behavior, 
which is slowly progressive for ACC and highly ag- 
gressive for BSCC. 


Basaloid SCC is considered a biologically high- 
grade malignancy with a tendency for locally aggres- 
sive behavior and early regional and distant metas- 
tases (such as to the lung, liver, bone, brain, skin, 
and subcutaneous tissue). Metastases (regional and/ 
or distant) were found in 86.67% of our series (13/ 
15), with a high incidence of cervical lymph node 
metastases and lung metastases. In particular, nodal 
metastases were detected at presentation in 8 of 15 
cases (53.33%). Only in 1 case did they occur after 
surgery. Distant metastases (to lungs, liver, bones, 
and brain, with thrombosis of the superior vena cava) 
were found in 9 patients (60%), all of whom devel- 
oped lung metastases. Two patients presented nei- 
ther regional nor distant metastases (13.33%); the 
lesion involved the endolarynx in both cases. A lo- 
cal recurrence occurred in 3 patients (20%), and in 1 
of these a stomal recurrence was present. Two pa- 
tients are alive with no evidence of disease (13.33%), 
2 are alive with disease (13.33%), and 9 died of their 
disease. All 6 patients with BSCC of the hypophar- 
ynx and 3 with BSCC of the larynx died of disease. 
Determined 3-year survival was estimated to be 
17.5% by the Kaplan-Meier method (Fig 13). 


Tumor ploidy contributes no further prognostic 
information beyond the data emerging from routine 
histological evaluation.*! 


Distant metastases with no cervical lymph node 
involvement were found in 4 of our cases and in some 
of the cases reported in the literature, !^^! so the fact 
that cervical lymph nodes are free of metastasis can- 
not be considered such a favorable prognostic sign 
in this tumor as it is in SCC. In fact, 3 of our 9 pa- 
tients who died of BSCC (33.33%) showed distant 
spread without nodal involvement. 


The propensity of BSCC to metastasize widely 
justifies an extensive metastatic workup, including 
endoscopic examination of the upper aerodigestive 
tract, chest radiography, whole lung tomography, 
bone scintigraphy, neck and liver echography, com- 
puted tomography of the brain, and laboratory in- 
vestigations. 


This tumor shows a tendency for the development 
of second primary malignant tumors, especially in 
the upper aerodigestive tract. We found 3 such cases 
(2095); 1 of these had 3 primary malignancies (Table 
2). In a review of the literature, 8 cases of BSCC of 
the head and neck were reportedly associated with a 
second primary tumor, !.15.17,25.27 


The present consensus on treatment is surgery 
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followed by radiotherapy. In the absence of distant 
metastases, surgical eradication of the neoplasm may 
be accomplished by partial or total laryngectomy. 
Neck dissection is recommended because of the high 
likelihood of cervical lymph node metastases. In 
consideration of the very aggressive nature of the 
disease, postoperative radiotherapy is recommended. 
The combination of surgery and radiotherapy affords 
good rates of local control, considering that these 
tumors are often detected in an advanced stage, but 
the control of distant metastases is a major problem. 
Adjuvant chemotherapy may also be warranted.11.13 


This unique phenotype of tumor should be differ- 
entiated from conventional SCC and is often associ- 
ated with an aggressive biological behavior. The ag- 
gressive pattern shown in the current study has been 
seen in BSCC in other locations, too, such as the 
head and neck??^1 and the lung.9 Moro et al® noted 
that median and overall survival differed between 
BSCC and poorly differentiated SCC in the lung, 
especially for stage I and II patients: the 5-year ac- 
tuarial survival in the BSCC group was 1596, whereas 
that in the poorly differentiated SCC group was 4796 
(p = .004). The median survival of stage I and II 
patients was 1,218 days (40-month median survival 
time) for poorly differentiated SCC and 606 days 
(20-month median survival time) for the BSCC 
group. The differences are significant in both cases. 
In conclusion, BSCC is a new morphological and 
phenotypic entity with distinct prognostic signifi- 
cance. 


CONCLUSIONS 


This study shows that BSCC of the larynx and 
hypopharynx has the following characteristics: 


1. It occurs in an older population, with a mean 
age of 63.33 years. 


2. It has a male predominance (86.6796). 
3. It is usually detected at an advanced stage. 


4. It has an aggressive biological behavior char- 
acterized by metastases (regional and/or distant) in 
86.67%. 


5. It has a high rate of regional (60%) and dis- 
tant metastases (60%). The lungs were always in- 
volved when distant metastases were present. 


6. Distant metastases may also be present in the 
absence of lymph node involvement. 


7. Differential diagnosis with ACC may be dif- 
ficult. 


8. It shows reactivity for cytokeratin, epithelial 
membrane antigen, carcinoembryonic antigen, and 
vimentin. Positivity is focally observed for S-100 
protein, muscle-specific actin, and collagen IV. 


9. Ultrastructurally, the basal lamina is generally 
distinctly replicated. 


10. There is a tendency for the patient to develop 
a second primary malignant tumor (synchronous or 
metachronous) in the upper aerodigestive tract. 


11. Surgery and radiotherapy afford good rates of 
local control. The high incidence of distant metas- 
tases suggests that adjuvant chemotherapy may also 
be warranted. 


12. The prognosis is usually worse than that of 
conventional SCC. 
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COMPARISON OF CARBON DIOXIDE AND NEODYMIUM: 
YTTRIUM-ALUMINUM-GARNET LASERS IN SURGERY OF THE 
INFERIOR TURBINATE 


BURKARD M. LIPPERT, MD JOCHEN A. WERNER, MD 


KIEL, GERMANY 


At the Department of Otorhinolaryngology—Head and Neck Surgery of the University of Kiel, 533 patients with hyperplastic inferior 
turbinates were treated between 1987 and 1994 with various carbon dioxide (CO2) and neodymium:yttrium-aluminum-garnet (Nd: Y AG) 
laser techniques. We report on the therapeutic results of both types of laser turbinectomy and compare their long-term results with those 
of submucosal diathermy. Among the different techniques, we preferred the following approaches. The CO2 laser technique involved the 
application of a few laser spots (laser energy density 6,100 J/cm? per lesion) to the head of the turbinate under the operating microscope. 
In the Nd: Y AG laser procedure, diffuse, low-power irradiation (laser energy density < 53 kVcm?) of the entire concha was performed under 
endoscopic control. The CO2 laser procedure involved little bleeding and hardly any pain. It produced a positive effect after only a few days 
and required no follow-up treatment. The success of Nd: Y AG laser treatment, by contrast, only became evident after weeks or months, due 
to the slow scarring process. Compared to submucosal diathermy, both laser methods produced better long-term results. Two years 
postoperatively, the overall success rate, as defined by patient satisfaction, was 79.6% for the CO2 laser, 68.3% for the Nd: Y AG laser, and 
36% for submucosal diathermy. 


KEY WORDS — carbon dioxide laser, intranasal laser surgery, neodymium:yttrium-aluminum-gamet laser, submucosal diathermy, 


turbinate dysfunction, turbinectomy. 


INTRODUCTION 


A variety of surgical procedures are used for reduc- 
tion of hyperplastic inferior nasal turbinates, including 
submucosal diathermy,! cryotherapy,” inferior turbino- 
plasty,? submucosal turbinectomy,‘ vidian neurectomy;? 
total inferior turbinectomy,® conchotomy, and inferior 
turbinate outfracture.8 The multiplicity of procedures 
reflects the lack of a single ideal method. 


Since the advent of intranasal laser surgery in the 
1970s, a number of laser procedures have been intro- 
duced for nasal turbinate reduction. By far the greatest 
experience.has been gained with the argon laser? 
Among othertypes of lasers successfully applied are the 
carbon dioxide (CO2) laser,!9.11 the potassium titanyl 
phosphate (KTP) laser,? the holmium:yttrium-alumi- 
num-garnet laser,!3 the magnet laser,!4 and the neody- 
mium:yttrium-aluminum-garnet (Nd:YAG) laser.15.16 
Laser surgical procedures have the advantage of caus- 
ing minimal blood loss and minimal trauma to sur- 
rounding tissues. 


Since 1987, the Department of Otorhinolaryngol- 
ogy—Head and Neck Surgery of the University of Kiel 
has performed laser surgical turbinate reduction using 
both CO2 and Nd:Y AG laser techniques. We report 
here on the indications, methods, and therapeutic re- 
sults of both laser procedures and compare their long- 
term consequences with those of submucosal diather- 
my. 


PATIENTS AND METHODS 


There were 1,116 laser turbinectomies performed on 
533 patients (217 women, 316 men; mean age 39.5 + 
10.3 years) at the Department of Otorhinolaryngology— 
Head and Neck Surgery of the University of Kiel 
between April 1, 1987, and June 30, 1994. The CO2 
laser was used in 674 procedures, the Nd:YAG laser in 
442. All patients suffered from chronic nasal airway 
obstruction with enlarged inferior nasal turbinates. None 
of the patients had any other pathologic causes of 
airway obstruction, such as a deviated septum or nasal 
polyps. A minimum 2-year follow-up was accom- 
plished for 142 patients treated with the CO2 laser and 
60 patients treated with the Nd:YAG laser. 


Preoperative Diagnosis. All patients were examined 
endoscopically to assess the degree of inferior turbinate 
enlargement and to exclude other pathologic changes. 
Rhinomanometry was performed to quantify the extent 
of nasal obstruction and to verify that it was due to 
hyperplastic mucosa and not to an enlarged turbinal 
bone. Following the initial rhinomanometry, an O- 
mimetic vasoconstrictive naphazoline nitrate solution 
(1:1,000) was used for detumescence of the mucosa of 
the superior, middle, and inferior parts of the turbinates. 
Rhinomanometry was then performed 10 minutes after 
shrinkage of each section, and patients were asked to 
report their subjective impression of nasal aixflow. 


Anesthetic Procedures. In the majority of patients, 
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TABLE 1. TECHNIQUES OF CARBON DIOXIDE LASER SURGERY FOR REDUCTION OF HYPERPLASTIC 
NASAL TURBINATES 


Micro- 
Technique manipulator 
Vaporization of anterior third of turbinate Microslad 
Acuspot 
Three linear incisions of 2-cm length Microslad 
Acuspot 
Single-spot technique on head of turbinate Microslad 
(7 to 12 spots) 
Acuspot 


inferior turbinate reduction using the CO2 or Nd: Y AG 
laser was performed on an outpatient basis under local 
anesthesia. Only in children or at the express wish of the 
patient was the procedure performed under general 
anesthesia. Local anesthesia consisted of acombination 
of topical (lidocaine hydrochloride 4%) and infiltration 
(lidocaine hydrochloride 1%) anesthesia. 


CO2 Laser Technique. A variety of CO2 laser 
(Sharplan 1050, Sharplan Lasers, Freising, Germany, 
and OPMILAS CO2 50, Zeiss, Oberkochen, Germany) 
techniques were used to perform 674 turbinate reduc- 
tions in 319 patients (Table 1). By means of a micro- 
manipulator, the laser beam was applied under micro- 
scopic visualization (OPMI-1, Zeiss) at a working 
distance of 400 mm. Because of the straight laser beam, 
only the anterior third of the inferior nasal turbinate 


Mean 
Laser 


Laser Approximate Energy No. No. of 


Power Exposure Density of Turbinate 
(W) Time (s) (J/cm?) Pts Reductions 
20 10 62,200 10 20 
30 10 93,300 10 20 

5 8 81,500 10 20 
8 130,400 10 20 

10 4/incision 12,400 10 20 
20 A/incision 24,800 10 20 
3 4fincision 24,500 10 20 
5 Ajincision 51,000 10 20 
5 5/lesion 9,330 20 40 
1 5/lesion 1,860 15 30 
5 3/lesion 30,600 20 40 
1 3/lesion 6,100 184 404 


could be treated. Between 1987 and 1991, the Micro- 
slad 719 micromanipulator (Sharplan Lasers) with a 
focal diameter of 0.64 mm was used, andafter 1991, the 
Acuspot 711 micromanipulator (Sharplan Lasers) with 
a focal diameter of 0.25 mm was used. The laser energy 
densities varied depending on the micromanipulator 
employed and the chosen laser power, and the applica- 
tion time (Table 1). At the end of the operation, carbon- 
ization debris was removed with a damp swab to avoid 
a foreign body reaction. In some cases, a nasal tampon 
was applied and left in place for approximately 24 
hours. 


Nd:YAG Laser Technique. The Nd:YAG laser (me- 
diLas 40N, MBB-Dornier, Germering, Germany) was 
applied under endoscopic control except in procedures 
involving the head of the turbinate, in which a micro- 


| FABLE 2. TECHNIQUES OF NEODYMIUM:YTTRIUM-ALUMINUM-GARNET LASER SURGERY FOR REDUC HON 
. OF HYPERPLASTIC NASAL TURBINATES 


f 


Technique Localization 
Diffuse (noncontact) Turbinate tip 
Entire turbinate 
Interstitial Anterior two thirds of turbinate 
Excision or vaporization Turbinate tip 
(contact) Entire turbinate 


Mean 
Laser 
Laser Approximate Energy Ne. No. of 
Power Exposure Density of Turbinate 
(W) Time (s) (J/cm?) Pts Reductions 
20-30 8 56,600- 15 30 
84,900 
5-10 8 14,200- 15 30 
28,300 
20-30 15 106,200- 20 40 
159,200 
5-10 15 26,500- 89 192 
53,100 
10 8 28,300 35 70 
30 8 84,900 20 40 
30 15 159,200 20 40 
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TABLE 3. TIME COURSE OF NASAL BREATHING 
AFTER LASER TREATMENTS 

















Nasal Breathing CO2 Laser Nd:YAG Laser 

Deteriorated Up to ] wk 

Satisfactory After 1 wk After 4-6 wk 
Maximum effect After 2-4 wk After 5-6 mo 











scope was used. To steer the flexible laser fiber (focal 
diameter 0.6 mm), a specially designed laser rhino- 
scope (Storz, Tuttlingen, Germany) was employed 
under optical control.!© Different techniques and laser 
energies were used on the head of the turbinate and on 
the entire turbinate (Table 2). The diffuse, "noncontact" 
technique, in which the beam does not strike the turbi- 
nate mucosa, was used at a low power setting (5 to 10 
W). The laser light was applied till the mucosa of the 
turbinate turned pale. High power (20 to 30 W) was 
applied if denaturation with carbonization was desired. 
An anterior nasal pack was applied at the end of the 
procedure and left in place for 2 days. 


Postoperative Follow-up. The patients were exam- 
ined at weekly intervals for 6 weeks and every 3 months 
thereafter for a minimum follow-up period of 2 years. 
Each follow-up examination involved both nasal en- 
doscopy and rhinomanometry. Patients were also asked 
to fill out a standardized questionnaire similar to those 
employed by von Haacke and Hardcastle! and War- 
wick-Brown and Marks.^ The following questions were 
asked: 


1. Do you feel the operation was a success? 


to 


. How long has the success lasted? 


3. Did you experience any postoperative complica- 
tions such as nasal dryness or crusting, nosebleeds, 
or unpleasant odors in your nose? 


4. Would you agree to undergo the same operation 
again? 


Comparison With Submucosal Diathermy. To com- 
pare the long-term results of intranasal laser surgery 
with those of submucosal diathermy, retrospective ex- 
aminations were conducted on 25 patients (13 men, 12 
women; mean age 29.8 + 11.7 years) who had under- 
gone 53 electrocoagulation procedures between 1985 
and 1987. In all patients, nasal endoscopy and rhino- 
manometry were carried out. Here, too, patients were 
asked to complete the questionnaire. 


RESULTS 


The postoperative course varied widely depending 
on the type of laser and technique used (Table 3). 
Carbon dioxide laser surgery resulted in improved na- 
sal breathing by 1 week postoperatively, with marked 
improvement after 2 weeks. Depending on the type of 
postoperative treatment, the final therapeutic result was 
attained after 2 to 6 weeks (Fig 1). Vaporization of the 
entire head of the turbinate and linear incision of the 
mucosa required intensive postoperative treatment 
with nasal ointment and saline solution for 3 to 6 
weeks. Procedures employing the Microslad micro- 
manipulator at high power settings did more severe 
damage to the mucosa with consequent crusting than 
those using the Acuspot. Following application of the 
single-spot technique with the large—spot size micro- 
manipulator, which was used till 1991, postoperative 
care lasted for 14 to 22 days. Use of the narrower spot 
size since 1992 reduced the length of postoperative 
care in over 90% of cases to between 8 and 10 days. 


Treatment with the Nd: Y AG laser, by contrast, was 
followed by a marked worsening of nasal breathing 





Fig 1. Hyperplastic inferior nasal turbinate A) before and B) 6 weeks after carbon dioxide laser therapy. Volume of turbinate is clearly 
reduced. 


Lippert & Werner, Laser Turbinectomy 1039 





Fig 2. Endoscopic images taken A) before and B) after low-dose neodymium:yttrium-aluminum-garnet laser therapy. 


immediately postoperatively. After the first postopera- 
tive week, the nasal airways were almost completely 
obstructed; preoperative values were not reached until 
after the second postoperative week. Six weeks after 
Nd:Y AG laser therapy, nasal breathing showed a clear 
improvement over preoperative values. The final thera- 
peutic result was not attained until 5 to 6 months 
postoperatively (Fig 2 and Table 3). Therapeutic suc- 
cess depended little on the technique employed, but 
large differences were noted in thetype of postoperative 
care and the rate of complications. Turbinate surgery 
with the Nd: Y AG laser was regularly followed by fibrin 
deposits, whose severity depended on the laser energy 
applied and the technique used. The fibrin deposits 
were especially pronounced following Nd:Y AG laser 
treatment in the contact mode at high energy densities, 
which required intensive nasal care for 7 to 10 weeks 
postsurgery. An almost identical course was seen after 
the interstitial procedure. The length of postoperative 
care was shortest after noncontact treatment at low 
energy densities, with wound healing being complete 
after 4 to 5 weeks. 


The long-term success rates for CO2 and Nd:YAG 
laser varied markedly, regardless of the technique ap- 
plied. At 6 months postoperatively, 122 of 142 (85.9%) 
patients who had undergone CO2 laser treatment were 


TABLE 4. THERAPEUTIC SUCCESS RATES AT 6, 12, 
AND 24 MONTHS AFTER TURBINATE REDUCTION 























CO? Nd:YAG Submucosal 
Laser Laser Diathermy 
Postoperative = 142) (n = 60) (n = 25) 
Period (mo) No. Jo No. p No. To 
6 122 85.9 39 65.0 17 68.0 
12 116 817 43 717 12 48.0 
24 113 79.6 4] 68.3 9 36.0 








free of complaints. After 1 year, 116 (81.796) reported 
they were still satisfied with the operative results, and 
after 2 years, 113 (79.6%). For Nd: Y AG laser therapy, 
39 of 60 (65.096) patients reported markedly improved 
nasal breathing at 6 months postoperatively, 43 (71.7%) 
patients after 1 year, and 41 (68.3%) after 2 years. The 
therapeutic success of submucosal diathermy was worse 
than that of either of the two types of laser. Seventeen 
of the 25 (68%) patients were satisfied with the thera- 
peutic results after 6 months, but only 12 (48%) patients 
reported no complaints after 1 year, and only 9 (36%) 
patients were satisfied after 2 years (Table 4). 


Of the CO2 laser group, 80 (56.3%) patients classi- 
fied their results as excellent and 33 (23.2%) as satis- 
factory. Forthe Nd: Y AG laser, 29 (48.3%) patients saw 
an excellent result and 12 (20%) a satisfactory result 
(Table 5). Table 6 demonstrates the results in unsatis- 
fied patients. The objective results of rhinomanometry 
correlated with the patients’ perception only in 58%. 


The complication rate for the laser surgical proce- 
dures was low (Table 7). Intraoperative bleeding oc- 
curred during CO2 laser treatment in 9 patients (all of 
whom underwent high-power vaporization of the entire 
head of the turbinate), and postoperative bleeding was 
not observed. There was no formation of intranasal 
synechiae. The Nd:YAG laser treatment with the con- 


TABLE 5. PATIENTS’ OPINION ABOUT EFFICACY 
TWO YEARS AFTER TREATMENT 


CO2 Laser 


























Nd:YAG Lase! 
(n 2 142) (n — 6 
Patients’ Impression No. Ot No. 
Excellent 80 56.3 29 48.3 
Improved 23 d.d 12 20.0 


Unsatisfactory 29 20.4 19 31.7 
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TABLE 6. DURATION OF EFFECT IN TABLE 7. COMPLICATIONS AFTER TREATMENT OF . 
UNSATISFIED PATIENTS INFERIOR TURBINATE 
Duration of Complications CO2 Laser Nd:YAG Laser 
improvement CO2 Laser — — Nd:YAG Laser Intraoperative bleeding 9 (30 W, 11 (contact technique) 
Never improved 8 10 vaporization) : 
«3 mo improved 11 5 Postoperative bleeding 3 (contact technique) 
«6 mo improved 1 3 Synechiae 3 (30 W, noncontact 
«12 mo improved 6 i technique) 
<24 mo improved 3 2 (30 W, contact tech- 
nique) 
tact technique produced intraoperative bleeding in 11 Ee W noncontant 
technique) 


cases and postoperative bleeding in 3 cases. In 6 cases 
(3 cases high-power, noncontact technique; 2 cases 
vaporization contact technique; 1 case low-power, non- 
contact technique), synechiae requiring intervention 
formed between the septum and. the inferior nasal 
turbinate. The postoperative complication rate for sub- 
mucosal diathermy was higher than for both types of 
laser therapy. Thirteen (52%) of the patients undergo- 
ing turbinate cauterization reported marked crusting 
requiring lengthy postoperative treatment. Postopera- 
tive bleeding was reported by 4 patients (16%). 


Patients’ willingness to undergo the same treatment 
again varied widely among the three procedures. Of 
142 patients treated with the CO2 laser, 131 (92.3%) 
said they would be willing to undergo the same treat- 
ment again; of 60 patients receiving Nd:YAG laser 
treatment, 46 (76.7%) said they would agree. For elec- 
trocoagulation, by contrast, only 9 of the 25 (48%) 
patients were willing to undergo the same procedure a 
second time. 


DISCUSSION 


Impaired nasal breathing caused by vasomotor or 
allergic rhinitis is a common disorder whose anatomic- 
pathologic substrate is an enlarged inferior nasal turbi- 
nate, Because conservative measures such as deconges- 
‘tants, topical corticosteroids, antihistamines, and de- 
sensitization do not always succeed, surgical interven- 
tion is often indicated.!8 A variety of surgical proce- 
dures have been described for treatment of a hyperplas- 
tic inferior nasal turbinate.!? One disadvantage of all 
conventional procedures is their tendency to induce 
intraoperative and postoperative bleeding, which can 
lead to mucosal damage and jeopardize long-term 
success.*? Several authors have also reported the de- 
velopment of atrophic rhinitis.?9?1 


In recent years, various laser systems have been 
successfully applied in the treatment of hyperplastic 
nasal turbinates.?.2224 The principal indication for laser 
treatment of the turbinate is nasal airway obstruction 
caused by mucosal swelling.” If, instead, the nasal 
obstruction is due to an enlarged or deviated turbinal 
bone, conventional surgery is indicated. The majority 


of therapeutic failures reported in the literature can be 
attributed to faulty assessment of the indications for 
laser therapy.2025 The findings of the present study: 
show that selection of the type of laser appropriate for 
turbinate reduction should be based on the site of 
turbinate enlargement most responsible for airway ob- 
struction. The CO2 laser is indicated when nasal ob- 
struction is caused by a hyperplastic head of the turbi- 
nate, as is generally the case.” If the entire epiturbinate 
is hyperplastic, the Nd:Y AG delivery system is our 
method of choice. 


The differences in the treatment concepts behind the 
two laser types reflect the differences in their effects on 
the affected tissues.28 Since the CO2 laser beam is 
largely absorbed by cell water — thus, its depth of 
penetration 1s limited to ] mm — itis used to reduce the 
epiturbinate by excision or vaporization. The CO2 laser 
techniques described in the literature vary consider- 
ably. Whereas Selkin?é uses the CO2 laser to trim the 
epiturbinate by cross-hatching (laser power 15 to 18 
W), the technique employed by Elwany and Harrison? 
involves near-total vaporization of the anterior third of 
the mucous membrane (laser power 20 to 30 W). Fu- 
kutake et al? vaporize the entire mucosa of the inferior 
nasal turbinate (laser power 20 to 25 W; once a week for 
5 weeks). 


Generally, reports in the literature only deal with the 
laser power applied. For a valid comparison between 
different techniques, it is absolutely necessary to corre- 
late the laser power with the focal diameter to calculate 
the laser power density, which is given in watts per 
square centimeter. The application time is also crucial 
for calculating laser energy density, which is the most 
exact measure of the biophysical effect of the laser 
beam. In clinical practice, though, the laser energy 
density can only be calculated for the intermittent 
pulsed mode, since the duration of continuous wave 
application depends on the speed of the manual beam 
guidance system and thus cannot be given precisely? 


Of the various CO2 laser procedures we investigated 
forthis report, the single-spot technique proved tobe the 
best. Single laser spots (laser energy density 6,100 J/ 
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cm? per lesion) applied to the enlarged head of the 
turbinate induced mucosal shrinkage with subsequent 
formation of scartissue. This leaves sufficient islands of 
intact mucosa to enable rapid reepithelialization.2023 
Scar formation is greater, the greater the laser energy 
applied and the more extensive the mucosal excision.”° 
Vast epithelial scar formation produces marked func- 
tional impairment of the mucosa, with a subsequent 
tendency to dryness, crusting, and atrophic rhinitis.?! 
Moderate scar formation, on the other hand, is espe- 
cially desirable when treating allergic rhinitis, in order 
to achieve lasting elimination of the submucosal aller- 
gic reaction.!0.22 


Between 1987 and 1991, we applied a CO2 laser 
employing the Microslad 719 micromanipulator with a 
focal diameter of 0.64 mm at a working distance of 400 
mm. Beginning in 1992, we could achieve the same 
effect at lower laser power using the Acuspot 711 with 
afocaldiameter of 0.25 mm. Carbonization and areas of 
necrosis were markedly reduced with the low-power, 
low-focus beam, which caused less tissue damage and 
left islands of intact mucosa between the laser spots.!! 
The clinical correlate of these experimental results was 
a decline in the length of postoperative care due to a 
marked reduction in crusting. 


A wholly different treatment principle underlies 
turbinectomy with the Nd: Y AG laser. The Nd:YAG 
laser beam penetrates up to 8 mm into the tissue and is 
absorbed by the submucosal venous plexus. This ab- 
sorption induces a vasculitis with subsequent scar for- 
mation and secondary shrinkage of the turbinate.1624 
Macroscopically, the inferior nasal turbinate becomes 
firmer and less subject to swelling. 


A number of procedures have been described for 
the Nd: Y AG laser. While Johnson2? performed cross- 
hatching vaporization (laser power 20 to 30 W) of the 
entire inferior turbinate, Ohyama et all? excised the 
entire epiturbinate by direct contact at very high power 
(30 to 40 W). Krespi and Slatkine?? applied the laser 
interstitially. We employed the Nd:Y AG laser beam in 
anoncontact mode at such a low power setting («10 W; 
laser energy density < 53 kJ/cm?) that it produced no 
direct visible effect on the mucosa. Following low- 
power Nd:Y AG lasertreatment, the ciliated epithelium 
of the epiturbinate remained largely intact, and muco- 
ciliary clearance was only slightly impaired. Produc- 
tion of glycoproteins in the epithelial beaker cells and 
subepithelial glands remained undiminished, both find- 
ings being signs of a functioning mucosa.?! Our pre- 
sented results discourage the application of high laser 
energies leading to denaturation or carbonization of the 
mucosa or, in the contact mode, to vaporization. The 
resulting extensive damage to the mucosa can produce 
marked postoperative fibrinous coating and crusting 


requiring intensive postoperative treatment lasting weeks 
or months. The risk of synechia formation also in- 
creases dramatically. It must be pointed out, though, 
that even low-power techniques can precipitate reactive 
swelling of the epiturbinate lasting up to 3 weeks, 
causing a transient aggravation of the nasal breathing 
impairment, especially in the immediate postoperative 
period. 


The postoperative course differed according to the 
type of laser turbinectomy performed. Whereas CO2 
laser treatment led to a conspicuous improvement in 
nasal breathing within a matter of days, the beneficial 
effect of Nd:YAG laser therapy only became apparent 
after several weeks. This can be explained by the fact 
that reactive edema diminishes very slowly and scar- 
ring processes are in progress for 6 to 12 months.!6?! 
The patient must be informed of this prior to the op- 
eration. 


Of decisive importance in weighing the benefits of 
laser turbinectomy are the long-term consequences, 
especially as compared with those of established tech- 
niques. Here laser surgical techniques — turbinate 
reduction with the CO2 laser (single spot technique) in 
particular — are clearly superior to submucosal dia- 
thermy. The long-term operative success may be ex- 
plained by the greater scarring of the epiturbinate re- 
sulting from laser therapy. In the judgment of long-term 
results after nasal surgical procedures, the patient’s 
satisfaction should be regarded as more important than 
clinical findings or rhinomanometric results.^!? Ourre- 
sults confirm this fact. Moreover, patients’ willingness 
to undergo the same treatment again was strikingly 
higher for the laser procedures (single-spot technique 
CO? laser; low-power, noncontact technique Nd: Y AG 
Jaser) than for submucosal diathermy. This high accep- 
tance of laser techniques can be attributed to their 
effectiveness and low rate of complications, combined 
with the fact that they are carried out at little discomfort 
to the patient, who can be treated quickly and without 
pain on an outpatient basis. 


CONCLUSION 


The CO2 and Nd:YAG lasers are both useful tools 
for the reduction of hyperplastic inferior nasal turbi- 
nates. The main indication for laser turbinectomy is 
turbinate hyperplasia, due primarily to swelling of the 
epiturbinate. If nasal obstruction is caused by bony 
hypertrophy, conventional surgical techniques are indi- 
cated. The CO2 laser is especially suited for reduction 
of an enlarged head of the turbinate; a marked positive 
effect, however, does not become apparent until several 
days postoperatively. The procedure can be performed 
on outpatients under local anesthesia, causes minimal 
pain and bleeding, and produces almost no crusting, 
thus obviating the need for intensive postoperative care. 
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The Nd:Y AG laser technique is indicated if the entire 
nasal turbinate is enlarged, since its flexible optical 
fiber system can deliver energy directly over the entire 
turbinate. The principal disadvantage to the Nd:YAG 
procedure is that final therapeutic success often does 
not occur until several months postoperatively, due to 


the slow formation of scartissue. Moreover, the postop- 
erative care after Nd: Y AG laser therapy takes consid- 
erably longer than that following CO2 laser techniques. 
The long-term results of laser turbinate reduction sur- 
gery, especially with the CO2 laser, are clearly superior 
to those of submucosal diathermy. 
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The aim of this study is to present a new classification of nasal polyps. This classification is based both on morphologic criteria relating 
to morphonuclear features from isolated Feulgen-stained nuclei and on glycohistochemical characteristics from histologic slides submitted 
to three lectins (peanut, wheat germ, and gorse seed agglutinins) and one neoglycoconjugate glycohistochemical stain. While the 
morphonuclear features (including 30 variables) relate essentially to chromatin pattern, the glycohistochemical stains (including 16 
variables) are linked to the presence of specific carbohydrate moieties in cell membranes and cytoplasm. Forty-nine nasal polyps, including 
single polyps, diffuse polyposis, cystic fibrosis-related polyposis, and aspirin idiosyncracy-related polyposis associated with asthma, were 
thus characterized. All the variables were obtained quantitatively by means of computer-assisted microscopy. Two complementary methods 
of data classification were used to determine the actual diagnostic value contributed by each quantitative variable, namely, discriminant 
analysis, which forms part of multifactorial statistical analysis, and the decision tree technique, which is an artificial intelligence-related 
algorithm. The data so obtained show that our morphologic classification of nasal polyps fits in with the classification of nasal polyps defined 


on the basis of clinical criteria. 


KEY WORDS — diagnosis, Feulgen stain, glycohistochemistry, image cytometry, lectins, nasal polyps. 


INTRODUCTION 


Nasal polyps are a common disease that remains 
poorly understood. They are the manifestation of un- 
stable respiratory mucosa! and, probably, of different 
clinical and etiopathogenetic entities. Further identifi- 
cation of such subtypes is needed to improve treatment 
strategy.? 


Nasal polyps are known to occur in association with 
other diseases of the respiratory tract such as rhinitis,’ 
asthma,^ aspirin idiosyncracy,? cystic fibrosis? and 
Kartagener' s syndrome.’ 


Froma histologic point of view, a distinction is made 


between acute and chronic inflammatory polyps. The 
former present a mucosal surface with many goblet 
cells, a thickened eosinophilic basement membrane, 
and a myxomatous stroma with an inflammatory infil- 
trate varying from predominantly neutrophils to practi- 
cally all eosinophils, leading to the conventional aller- 


gicorigin of nasal polyps. However, systemic allergy or 


allergies localized in the nasal mucosa are still under 
debate as the underlying causes of nasal polyps.®-? In the 
chronic disease, the mucosa may reveal acertain degree 
of squamous metaplasia, while the stroma is usually 


fibrous with scattered vascular structures. !? 


According to Larsen and Tos,!! nasal polyps are 
probably a manifestation of different clinical and etio- 
pathogenic entities, and further identification of these 
entities is needed to improve treatment strategy. 


The aim of this study was to identify specific biologi- 
cal subgroups of nasal polyps and to investigate whether 
there is any correlation between the morphologic char- 
acteristics and the clinical behavior of nasal polyp 
subgroups. The morphologic characteristics of 49 nasal 
polyps, including single polyps, diffuse polyposis, cys- 
tic fibrosis—related polyposis, and aspirin idiosyncracy— 
related polyposis associated with asthma (ASA triad), 
were determined. The morphologic characterization of 
nasal polyps was carried out by means of computer- 
assisted methods combining the image cytometric anal- 
ysis of Feulgen-stained nucleil? and the glycohisto- 
chemical characterization of the surface epithelium. 
While the cytometric analysis of Feulgen-stained nu- 
clei made it possible to quantitatively describe the 
chromatin pattern and nuclear distribution of the DNA 
content (DNA ploidy level),!? the glycohistochemi- 
cal-related part of the study included the quantitative 
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measurements of endogenous ligands (ie, specific sugar 
moieties detailed in Materials and Methods) for peanut 
agglutinin (PNA), wheat germ agglutinin (WGA), and 
gorse seed agglutinin (Ulex europaeus; UEA-I). In 
addition, we characterized the presence of an endolectin 
acting as a receptor for a neoglycoconjugate carrying a 
Gal(B1-3)GaINAc glycan residue. The potential use of 
lectin-related glycohistochemistry ? and thecytometric 
image analysis of Feulgen-stained nuclei!^ for diag- 
nostic purposes in nasal polyposis has been empha- 
sized previously. The actual diagnostic value contrib- 
utedby the cytometric- and glycohistochemical-related 
data was determined by means of an artificial intelli- 
gence-related algorithm in the shape of the decision 
tree (DT) technique.? 


MATERIALS AND METHODS 
HISTOPATHOLOGIC DIAGNOSIS AND CLINICAL DATA 


The medical records and samples of nasal polyps 
were obtained for 49 patients between January 1993 
and September 1995. The diagnosis of polyposis was 
made with arigid endoscope. This technique enabled us 
to differentiate between single polyps (group I; n= 17), 
typically found between the lateral nasal wall and the 
middle turbinate, and diffuse polyposis (group I; n = 
16), which involves the entire nasal cavity. Group IIB 
(n=7) included nasal polyps from patients with acetyl- 
salicylic acid intolerance established by history. Provo- 
cation ‘tests were not performed. The cystic fibrosis 
group (group IIIA; n = 9) included patients with well- 
documented disease and a positive sweat test. The 
histologic slides of all the cases were reviewed by the 
same pathologiston the basis of the criteria described by 
Hyams et al.!0 


SPECIMEN PREPARATION 


The nasal polyp cases came from archival materials, 
ie, formalin-fixed, paraffin-embedded tissues. One par- 
affin block was available for each case. Twelve slides 
were cut from each block. Slides 1, 3, and 12 (5-um 
thickness) were hematoxylin-eosin-stained for histo- 
logic diagnosis. Slide 2 (80-um thickness) was sub- 
jected to a method that enables cell suspensions to be 
obtained (after pronase digestion), and these were cy- 
tocentrifuged onto glass slides and submitted to the 
Feulgen reaction." 


The other 8 slides (5-um thickness) served for 
glycohistochemical staining. Slides 4, 6, 8, and 10 were 
PNA-, WGA-, UEA-I-, and Gal(B1-3)GalNAc-BSA— 
stained, respectively. Slides 5, 7, 9, and 11 served as 
negative controls (absence of biotinylated probe) for 
slides 4, 6, 8, and 10, respectively. All the glycohis- 
tochemical probes were purchased from Vector Labo- 
ratories Inc (Burlingame, Calif). The glycohistochem- 
ical procedures were identical to those previously de- 


scribed in detail. 19:16 


The three lectins used included Arachis hypogaea 
([PNA, which binds to the T-antigen, Gal(B1-3)- 
GalNAc]), Triticum vulgare (WGA, which binds to 
GlcNAc and neuraminic acid residues), and U europae- 
us (UEA-1, which binds to L-fucose). The neoglycocon- 
jugate was obtained by a chemical grafting of Gal(B1- 
3)GalNAc (T-antigen) on a glycohistochemically inert 
core (bovine serum albumin; BSA). 


COMPUTER-ASSISTED MICROSCOPY 


The computing of the variables deriving from the 
Feulgen-stained nuclei and quantitative glycohisto- 
chemical measurements was carried out by means of a 
SAMBA 2005 cell image processor (Alcatel-TITN, 
Grenoble, France) with 100x (aperture 1.30) and 20x 
(aperture 0.50) magnification lenses, respectively. 


The nuclear images of the Feulgen-stained nuclei 
were digitized at a 540-nm wavelength, evaluated by 
light microscopy, and accepted by the observers on the 
same basis as those previously described.!214115 Only 
epithelial cell nuclei (from both glandular and surface 
epithelium) were selected for analysis. The Feulgen- 
stained nuclei images of between 200 and 400 cells 
were digitized for each of the 49 cases under study. The 
way in which the cell nuclei were selected for analysis 
and then digitized is detailed elsewhere.12.1415 For each 
nucleus, 30 variables were determined that described 
the geometric, densitometric, and textural features of 
the cell nuclei.!? These 30 morphonuclear variables 
relatedto the mean and standard deviation of each of the 
15 specific morphonuclear features described below. 
The morphonuclear features were divided into four 
sets, each of which included a specific class of mor- 
phologic cell nucleus characteristics. The first set was 
reduced to 1 cytometric feature, ie, the nuclear area 
(NA, P1 feature), which determines cell nucleus size. 
The second set included 5 features describing the cell 
nuclei densitometrically. These 5 features were the 
integrated optical density (IOD; P2), the mean optical 
density (MOD; P3), the kurtosis (P6) and skewness (P4) 
indices, and the variance of optical density (P5). The 
third set included 5 features describing chromatin tex- 
ture by means of a specific algorithm related to the run 
length matrix.!? These 5 features were the short (P7) 
and long (P8) run length frequencies, their relative 
distributions (P10) and percentages (P11), and the gray 
level distribution (P9). Finally, the last set included 4 
features describing the chromatin texture by means of 
a specific algorithm related to the co-occurrence ma- 
trix.!2 These 4 features were the local mean (P12), 
energy (P13), the coefficient of variance (P14) of the 
co-occurrence matrix, and contrast (P15). 


The standard deviations of the above features (SDP1 
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toSDP15 variables) wereused to describe the heteroge- 
neity levels of the morphologic characteristics in each 
of the nasal polyp groups under study. 


With respect to the quantitative glycohistochemical 
measurements, the tissue JOD relating to the hematoxy- 
lin counterstaining and the specific glycohistochemical 
staining was computed on 256 densitometric levels on 
each pixel and in two distinct color channels. The 
glycohistochemical positivity for slides 4, 6, 8, and 10 
was defined by their integrated optical values in excess 
of the mean plus two standard deviations of the corre- 
sponding negative control slides (ie, slides 5, 7, 9, and 
11). Ten fields in the surface epitheltum and 10 in the 
glandular epithelium were assessed for each polyp. The 
computer-assisted microscope analysis of these fields 
ledtothequantitative description of glycohistochemical 
patterns in 40,000 to 120,000 um? per tissue in each 
polyp. The MOD, which relates to staining intensity, 
was calculated for each area and was obtained by 
dividing the IOD for the staining by the area of tissue 
covered by this staining. The calculation ofthe percent- 
age of positive fields out of the 10 assessed in each ofthe 
40,000 to 120,000 tm? analyzed for each type of tissue 
enabled a labeling index (LD to be determined for each 
of these areas. 


The MOD and LI values were computed for the four 
markers. Because of the absence of glandular tissue in 
several of the polyps, only the values relating to markers 
in the lining epithelium were used in the present study 
(suffix R in the feature labels MODR and LIR). 


DATA ANALYSIS 
CONVENTIONAL STATISTICAL ANALYSIS 


Discriminant analysis, a multivariate statistical anal- 
ysis whose principle is detailed elsewhere,!7 was used 
to evaluate the actual values contributed by quantitative 
morphonuclear feature description and lectin expres- 
sions to the discrimination between the four groups of 
polyps defined above. Discriminant analysis enables 
data to be described in terms of “separability” between 
different a priori-defined groups, also named “classes.” 
Discriminant analysis is therefore able to generate a 
description of data as a function of discriminant factors 
that give prominence to the differential features of cases 
from distinct classes. As discriminant factors give the 
best representation for separating data into the different 
classes, discriminant analysis uses these factors to 
allocate a case to one of them. Briefly, the allocation 
rule consists of attributing a case to Its nearest class- 
centroid in the discriminant factor space. This rule 
produces linear separating surfaces that are (in the 
factorial space) the median hyperplanes between the 
centroids of the different classes. This rule has the 
implicit hypothesis that the prior probabilities of the 


classes are equal, and is easily adapted if this is not the 
case. 


In view of the large set of candidate variables (a total 
of 38), we used a stepwise discriminant analysis proce- 
dure, the purpose of which is to identify the variables 
that are the most useful in describing differences among 
possible groups.!? 


In the present study, we used the stepwise discrimi- 
nant analysis program from the Statistica/DOS (Stat- 
soft, Tulsa, Okla) package. 

ARTIFICIAL INTELLIGENCE-RELATED CLASSIFI- 
CATION OF DATA (DECISION TREE ANALYSIS) 

Principle. ADT algorithm is a supervised inductive 
learning technique thatis used to produce logical classifi- 
cation rules.!? These rules express causal relations de- 
tected in data between some feature values and preas- 
signed classes. A DT constructs classification rules in 
the form of trees in which each terminal node (leaf) is 
labeled as a class and each intermediate node tests a 
feature of a case, the outcome of which specifies the 
branch to be followed in the tree (Fig 1). Each path from 
the root to a leaf thus corresponds to a logical rule 
characterizing cases belonging to the same class, ie, the 
one labeling the leaf. 


Decision tree algorithms generally use a two-phase 
scheme, namely, 1) the growing phase for the construc- 
tion of the classification rules and 2) the pruning phase, 
which simplifies trees to avoid overfitting the training 
data. A specific algorithm, ie, C4.5,7° is used in this 
paper. This algorithm uses an entropy criterion (labeled 
the gain ratio criterion) based on Shannon’s informa- 
tion theory to select a test at each node of the tree (in the 
growing phase). It then prunes the tree from the bottom 
up by means of an error-based criterion with a binomial 
error approximation (for statistical details, see Quin- 
lan?9), For our study, we used the default values of the 
different options included in the C4.5 algorithm. 


Production Rules. A rule-generating mechanism is 
also available with the C4.5 algorithm. A production 
ruleclassifier generates logical classification rules with 
the form “IF (the test on variable Xiis satisfied) and (the 
test on variable Xj is satisfied) and (the test on variable 
Xk is satisfied), the class will be Cx.’’ In C4.5, a set of 
rules is generated from a DT. The aim of this rule 
generation is to be as accurate as a pruned tree, but more 
easily understood. This rule generation is carried out in 
two steps. First, initial rules are directly translated from 
an unpruned tree: every path from the root to a leaf 
generates a rule whose conditional part contains all the 
tests along the path, and whose conclusive part specifies 
the class at the leaf. Second, these initial rules are 
submitted to a simplification (or generalization) pro- 
cess (eg, some tests can be removed from the condi- 
tional part of a rule, some rules can be eliminated, etc). 
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Decision Tree: 


SDP1!» 18.1: HIB (2.0) 
SDPI1 < 18.1: 
1 SDP? < 137: NIA (3.0) 
! SDP2 > 137: 
t | SDP9 < 5.3 : IHA (2.0) 
| | SDP9 > 5.3: 
111 PNAMODR < 12.12 : IIIA (2.0) 
1 1i PNAMODR > 12.12: 
Tt it WGALTR < 53.48 : 
11111 Pl 2140: I1 (2.0/1.0) 
11111 Pl 22140:IIIA (2.0) 
li iI WGALIR > 53.48: 
Lidl P4é>0:1(7.0) 
fb) ltl P40: 
1} 1111 UEAMODR > 24,95 : INE (2.0) 
11111011 UEAMODR < 24.95 : 
LLL PP PLISDP13<12:1(4.0 
Ei td) t ITSDPI32 2: 
ll 111111 PNAMODR x 26.74 : II (11.0) 
LIII | PNAMODR > 26.74: 
ILIE! | UEALIR > 4208 : I (6.0/1.0) 
[PEE Etittit UEALIR < 42.08: 
LL LEELI i tt SDP1 < $56: ITB (2.0) 
111111111 1 SDP) > $56 : I (4.0) 
(a) (b) (c) (d) «-classified as 
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Pruned Decision Tree: 


SDP11 > 18.1 : INB (2.0/1.0) 
SDPI1< 18.1: 

| SDP2 < 137 : NIA (3.0/1.1) 
1 SDP2» 137: 

| | SDP9 < 5.3 ; IHA (2.0/1.0) 
|| SDP9» 53: 


_ 11] PNAMODR x 12.12 : IIIA (2.0/1.0) 


| PNAMODR > 12.12: 
| t P420:I(8.0/1.3) 

|| P4<0: 

| 1! UEAMODR > 24.95 : HIB (2.0/1.0) 
111 UEAMODR x 24.95 : 

it i (SDPI3< 12: E(4.0/1.2) 

| | ISDPI3 > 1.2: 

| 
l 


fi 
Li 
I! 
I| 
E 
LE 
I | 
il 
11110111 PNAMODR > 26.74 : 
LELEE ILL T E UEALIR > 42.08 : I (8.0/4.5) 
IL LEEETL E UBALIR < 42.08 : 

Pll tid ELI SDPI < 556 : IB (2.0/1.0) 
1111105114 SDPI > 556: IE (4.0/1.2) 


<-classified as 


(a) (b) (c) (d) 
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|| 11 PNAMODR < 26.74 : II (12.0/1.3) 


Fig 1. Decision tree results. SD — standard devia- 
tion, P11 — relative percentages, P2 — integrated 
optical density, P9 — gray level distribution, PNA 
— peanut agglutinin, MODR — mean optical den- 
sity in lining epithelium, WGA — wheat germ 
agglutinin, LIR — labeling index in lining epithe- 
lium, P1 — nuclear area, P4 — skewness index, 
UEA — Ulex europaeus agglutinin, P13 — energy 
of co-occurrence matrix. 


17 (a): class I 17 (a): class I 
16 (b): class H 16 (b): class I] 
l 8 (c): class IIIA 2 4 (c): class TA 
l 6 — (d): class WB l 6 (d): class HIB 
Evaluation of training data (49 items): 
Before Pruning After Pruning 
Sue Emon Size Errors Estimate 
25 2(4.1%) 21 3( 6.1%) (31.6%) 


In the final system, the rules are organized according to 
an order of priority, and the first rule that covers a case 
(ie, the “IF” part of the rule is satisfied by the case 
description) is taken as the operative one. A default 
class is determined for the cases not covered by any 
final rules (Fig 2). 


Stability of Selected Features. We studied the stabil- 
ity of the different variables selected by a DT, following 
a process described elsewhere?! This stability study 
aims to detect the most important variables that may 
characterize preassigned classes of polyps. Briefly, the 
stability of the variables was measured by the selection 
frequency of each one over the DTs generated during a 
leave-one-out (also called the jackknife) process (Fig 
3). This process consists of training a classifier with all 
the data set except one case, and of using the omitted 
case to test the classifier performance in classifying new 
data.!8 This process is reiterated for each case in the 
data set. The selection frequency of each of the variables 
over the DTs generated by the leave-one-out process 
gives information on the importance of the features 
chosen to describe the data. Hence, if a subset of 
features appears regularly in the DTs produced by the 


leave-one-out process, these features can be considered 
as important (or even indispensable) for the realization 
of the classification task, because they bring to the fore 
some regularities in the data. In contrast, some features 
may rarely appear (or do not appear at all) in the DTs 
produced. These features can be ignored for data classi- 
fication purposes. 


RESULTS 


DISCRIMINANT ANALYSIS RELATING TO FOUR 
PREDEFINED GROUPS OF POLYPS 


Discriminant analysis performed on the 38 mor- 
phonuclear and lectin-related variables following a 
stepwise process finally selected 14 variables, includ- 
ing 8 morphonuclear and 6 lectin-related. They were (in 
the order of selection indicative of their discriminant 
power) SDP11, P8, WGALIR, UEALIR, PNAMODR, 
SDP15, UEAMODR, P2, ENDOMODR, WGAMO- 
DR, SDP8, P10, SDP2, and SDP9 (data not shown). 


Figure 4 shows the data representation generated by 
this analysis. This representation is made on the facto- 
rial plane defined by the first two discriminant factors. 
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Rule 6: SDP2 > 137 Rule 1: SDP2 < 137 
SDP13 < 1.2 -> class IIIA. (3/0) 
-> class I (7/0) 
Rule 5: Pi > 2140 


Rule 7: SDP2 > 137 WGALIR « 53.48 
P4<0 -> class IHA (3/0) 
SDP9 > 5.3 
SDP13> 1.2 Rule 2: SDP9 < 53 
PNAMODR > 12.12 SDP11 < 18.1 
PNAMODR < 26.74 -> class HIA (2/0) 


-> class II (12/0) 

Rule 3; PNAMODR < 12.12 

Rule 9: SDP1 > 556 -> class HIA (1/0) 
UEALIR « 42.08 

PNAMODR » 12.12 


-> class II (4/0) 


Rule i3: SDPi1» 18.1 
-> class TB (2/0) 


Default class: I (15/5) 


Evaluation of training data (49 items): 


Tested 49, errors 5 (10.2%) 


(a) (b) (c) (d) «-classified as 
17 (a): class I 
16 (b): class II 
9 (cy: class HIA 
5 2 (d): class IIB 


Fig 2. Rules extracted from tree in Fig 1. For abbreviations, 
see Fig 1 legend. 


The ellipses in Fig 4 represent the 95% confidence 
intervals around the mean positions, ie, the centroids 
(the black dots in Fig 4) of the factorial distributions 
relating to each of the polyp groups. The results show 
that characteristics, since the corresponding ellipses did 
not overlap, of the four polyp groups seemed to corre- 
spond to distinct biological features. 


All of these observations can be confirmed from a 
statistical point of view by evaluating the degree of 
significance of the distances between the centroids in 
the factorial space (of which the first factorial plane is 
given in Fig 4). Table 1 lists these distances and their 
significance levels. Hence, each of the four groups 
appears significantly separate from all the others (p « 
05), except groups I and IIA, for which the distance did 
not really reach the significance threshold (p = .053). 


Table 2 shows the confusion matrix related to the 
classifications produced by discriminant analysis. The 
percentage of correct classifications was 81.396. 'The 
largest number of errors (or cases of confusion) is due 
to group II, which appeared to be the least “pure.” 


DECISION TREE ANALYSIS 


Figure 1 shows the DT and its pruned version classi- 
fying the 49 cases into the different polyp groups. These 
trees were obtained when the 38 variables under study 
were submitted to the C4.5 algorithm. The unpruned 
tree can be read as follows. If the value of the SDP11 
variable is larger than 18.1, the polyp group willbe MB. 
The number in parentheses (2.0) characterizing this leaf 
of the tree indicates that 2 of the cases in our series 


Stability of Variables 
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Fig 3. Study of stability of 38 variables for decision tree 
process. Histogram shows frequencies of occurrence of 
variables in 49 decision trees generated by leave-one-out 
process. Nine variables appear with sufficient degree of 
frequency, as shown by horizontal line (ie, more than 25 
times out of 49). P7 — short run length frequency, P6 — 
kurtosis index, P14 — coefficient of variance of co-occur- 
rence matrix, P15 — contrast, ENDO — endolectin, P2 — 
integrated optical density, P5 — variance of optical density, 
P12 — local mean. For remaining abbreviations, see Fig 1 
legend. 


satisfy this condition, and they both belong to the la- 
beled group (IIIB). If this condition is not satisfied (and 
thus SDP11 < 18.1), the SDP2 variable must be consid- 
ered. If the value of this variable is below or equal to 
137, the polyp group will be IIIA. (Three cases in this 
group satisfy this sequence of conditions.) The rest of 
the tree can be read similarly except for the leaves 
characterized by 2 numbers [see the fifth leaf: I (2.0/ 
1.0)]. Forthese leaves, the second number indicates the 
number of classification errors for the cases associated 
with this leaf (1e, satisfying the sequence of conditions 
leading to it). 


The pruned tree can be read in a similar fashion, 


t 


+ 


iminan 


* 


Second discr 





First discriminant 


Fig 4. Data sets resulting from discriminant analyses differ- 
entiating between four polyp groups, ie, group I (n = 17), 
group H (n= 16), group HIA (n=9), and group IIB (n = 7). 
For each polyp group, data show corresponding centroids 
or means (black points) and 95% confidence intervals 
around these means (ellipses). 
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TABLE 1. DISTANCES AND P VALUES RELATED 


TO CLASS CENTROIDS DEPICTED IN FIGURE 4 


Polyp Polyp Group 

Group II IIIA IIB 
I 6.77 8.16 10.34 
p = .0120 p = .0532 p = .0281 
H 0 9.38 12.12 
p = .0294 p = .0127 
IIIA 0 21.45 
p= .0018 


Data represent distances between centroids shown in Fig 4 and 
significance levels. 


except that the second number characterizing aleaf now 
gives a pessimistically estimated number of errors 
(upper bound), which are generally positive (Fig 1). 


At the bottom of Fig 1, an evaluation of the training 
data shows that the DT made only 2 errors, and the 
pruned tree 3 errors. The "size" column indicates the 
number of nodes in the decision tree. The "estimate" 
column gives a pessimistic estimation (upper bounds) 
of the classification error rate. As detailed in the confu- 
sion matrices, the classification errors corresponded to 
cases from groups IIIA and IIIB (the less represented 
groups) classified as I (one of the most represented 
groups). Theclassificationrates ofthe DTs produced by 
C4.5 were largely better than the discriminant analysis 
rate (more than 10%). This is due to the relative “flex- 
ibility" ofthetwo algorithms in distinguishing between 
a priori groups. Hence, the boundary constraints are 
more restrictive for discriminant analysis. Indeed, dis- 
criminant analysis is obliged to produce a linear surface 
to separate one class from all the others. (This surface is 
principally determined by the class centroids.) In con- 
trast, DTs can generate as many hyperboxes as required 
to approximate class boundaries. However, hyperbox 
boundaries have to be perpendicular to the axes (de- 
fined by the monovariate tests generated by C4.5) ofthe 
multidimensional data space. 


STABILITY STUDY OF VARIABLES SELECTED BY 
DECISION TREES FOR CHARACTERIZING POLYP 
GROUPS 


To evaluate the importance of the variables selected 
by aDT performed on all the data (Fig 1), we studied the 
stability of all 38 variables during a leave-one-out 
process. We established the frequencies with which the 
variables were chosen in the 49 DTs so produced. (A 
DT was produced to classify each case of our series; see 
Materials and Methods.) Figure 2 shows the selection 
frequency ofthe variables. It will be seen that only a few 
did not appear at all in the 49 DTS, and those appearing 
sufficiently frequently corresponded exactly to the vari- 
ables used in the pruned tree in Fig 1 (see Fig 3). 
Between the complete and pruned trees of Fig 1, two 
conditions related to two variables (P1 and WGALIR) 


TABLE 2. CONFUSION MATRIX RELATED TO 
CLASSIFICATIONS PRODUCED BY DISCRIMINANT 
ANALYSIS CARRIED OUT ON POLYP GROUPS 


Predicted Classification 


Correct (n « 49) % 
Classification I H THA  IHB Correct 
I 15 0 2 0 88.2 
II 2 11 2 1 68.8 
IIIA 0 1 7 0 87.5 
HIB 0 l 0 6 85.7 
81.3 


were suppressed. As can be seen in Fig 3, these two 
variables had asmall selection frequency, and were thus 
adequately suppressed in the pruned tree. The leave- 
one-out estimate of the classification error rate of DTs 
(when they tried to classify new cases) showed a 
significant decrease in the classification error rate after 
the selection of variables. Indeed, the classification 
error rate was estimated at 53% after the selection of the 
variables, against 59% before the selection. The large 
values of these error rates (even after the selection) can 
be explained by the small number of available cases in 
each of the polyp groups. However, these results show 
that the selection of variables is an efficient strategy to 
generate more accurate DTs. 


LOGICAL RULES CHARACTERIZING POLYP GROUPS 


As stated in Materials and Methods, the C4.5 algo- 
rithm enables explicit logical classification rules to be 
extracted from the DT. Figure 2 shows the logical rules 
that were extracted from the DT given in Fig 1 and that 
characterize the different polyp groups. Each rule has a 
number of cases satisfying the conditions given (with- 
out satisfying the preceding rules; see Materials and 
Methods) and a number of classification errors gener- 
ated by this rule (as for the complete tree in Fig 1). The 
confusion matrix corresponding to this classification 
rule system is given at the bottom of Fig 2. As will be 
seen, no rule generated any errors, except for the default 
class, which caused 5 IIIB cases to be classified as I. 
Again, this was due to the difference in distribution 
between the polyp groups. Hence, only 2 of 7 INB cases 
can be characterized by rule 13, while the others did not 
satisfy any of the preceding rules and were thus classi- 
fied into the default class. The default class generally 
corresponds to one of the mostrepresented groups (such 
as group I chosen in Fig 2). No error was produced if the 
cases corresponding to the default rule are considered 
as unclassified, but only 7 cases in group I and 2 cases 
in group UIB were characterized by the corresponding 
rule system. 

All the rules except rule 5 used the stable variables 
characterized in Fig 3. Rule 5 characterized 3 of 9 cases 
in group IITA and used two variables (Pl and WGALIR) 
that did not appear to enjoy a high level of stability 
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during the leave-one-out process (Fig 3). This rule must 
therefore be considered with caution. 


DISCUSSION 


Most diseases have their own classifications that are 
based mainly on the description of morphologic charac- 
teristics from 5-[um-thick hematoxylin-eosin-stained 
slides. Each pathology type is thus described by one or 
more classification systems like the various ones pro- 
posed by the World Health Organization (WHO) or the 
Armed Forces Institute of Pathology. 


While benign and malignant head and neck tumors 
have their own WHO classifications, !? this is not the 
case fornasal polyps, which arecharacterizedby edema- 
tous bulges and composed of a loose edematous muco- 
sal connective tissue covered by respiratory epitheli- 
um.” Indeed, there is no morphologic nasal polyp 
classification corresponding to clinical polyp identifi- 
cation. In fact, the development of a nasal polyp classi- 
fication would improve therapeutic choices for this 
disorder. Our study thus aims to develop such a classi- 
fication on the basis of morphologic features only. 


It should be emphasized that the major features 
observed in the epithelium lining nasal polyps are 
secretory hyperplasia and squamous metaplasia.!° A 
distinction is usually made between acute and chronic 
inflammatory polyps. Another distinction is made be- 
tween four histologic groups that include the first two 
types (acute and chronic), a third one showing hyper- 
plasia of the seromucinous glands and an association 
with a respiratory or metaplastic squamous epithelium, 
and a fourth one (a polyp with atypical stroma) in which 
the fibroblasts are reactive and look bizarre.” In this 
case, the polyp may be mistaken for a neoplasm.”3 


In our study, two different groups of morphologic 
features were used in the development of a nasal polyp 
classification. The first contained morphonuclear, and 
the second, histologic features. All the variables be- 
longing to these two groups were quantified by means 
of computer-assisted microscopy. This aims to produce 
“objective” measurements. This computer-assisted mi- 
croscope technology was applied to the morphologic 
analysis of isolated Feulgen-stained nuclei and the 
glycohistochemical analysis of histologic slides. 


The first group of morphologic features concerns the 
quantitative description of chromatin patterns in Feul- 
gen-stained nuclei. This first group was used because 
thenotions of anisonucleosis (variation in nuclear sizes), 
pleomorphism (the morphologic variation of cell nu- 
clei), and hyperchromatism (the significance of dense 
chromatin areas inside nuclei) are used in most anatom- 
icopathologic classification systems. More precisely, 
15 quantitative variables describing chromatin patterns 


were used, ie, the distribution (as well as the number and 
size) of dense heterochromatin areas with respect to 
sparse euchromatin areas inside nuclei. For each of 
these 15 variables, means and standard deviations were 
computed on a population between 200 and 400 cell 
nuclei for each of the 49 nasal polyps being studied. 
Thirty morphonuclear variables were thus generated by 
means of computer-assisted microscopy applied to 
isolated Feulgen-stained nuclei. We have shown previ- 
ously that this methodology enables efficient morpho- 
logic descriptions to be made that are able to discrimi- 
nate between morphologically similar disorders such as 
uterine cervical cells both infected and uninfected with 
various types of human papillomavirus,” typical and 
atypical carcinoid lung tumors,?? breast cancers both 
poor and rich in estrogen receptors,2Ó and low-grade as 
opposed to high-grade intraepithelial prostatic neopla- 
sia.2? 


A group of histologic features incorporates glyco- 
histochemical criteria based on measurement of lectin 
reactions to the presence of specific carbohydrate moi- 
eties (the lectins in use were nonimmune, nonenzymat- 
ic, and nonhormonal glycoproteins). Several authors 
have shown that glycohistochemical tracers can aid 
diagnosis? for different disorders of the nervous sys- 
tem!628 and the digestive tract.?9 


Four glycohistochemical tracers were retained in our 
study. There were three lectins reacting to several car- 
bohydrate moieties, ie, the PNA lectin specific to the 
disaccharide Gal(B1-3)GalNAc, the WGA lectin spe- 
cific to GlcNAc and neuraminic acid residues, and the 
UEA-I lectin specific to L-fucose. The fourth tracer was 
a neoglycoconjugate related to the chemical grafting of 
Gal(B1-3)GaINAc onaBSA core, and able to bond with 
an endolectin similar to the PNA lectin. For each of 
these tracers, we determined the size of the glycohis- 
tochemically marked lining epithelium and glandular 
epithelium areas, as well as the tracing intensity. This 
glycohistochemical quantification generated 16 vari- 
ables. Only the 8 variables concerning the lining epithe- 
lium were kept for the final morphologic classification 
of nasal polyps, because some polyps did not have 
glands. 


The computer-assisted microscope technology used 
here thus made it possible to obtain a large number of 
quantitative morphonuclear and glycohistochemical 
variables. To exploit this quantitative information, two 
data classification methods were used. The first was a 
traditional multifactorial statistical analysis (ie, dis- 
criminant analysis), while the other came from artificial 
intelligence (ie, a DT technique that forms part of the 
supervised learning algorithms). 


Discriminant analysis enables the data to be de- 
scribed in terms of the separation between different a 
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priori-defined groups. This is done by the construction 
of discriminant factors determined by the linear combi- 
nations of some of the descriptive numeric variables 
established as the most discriminatory. However, this 
linear model can be difficult to interpret or explain. In 
contrast, DT and production rules techniques are not 
obliged to produce a linear data model and thus have a 
greater descriptive potential. An advantage of these 
artificial intelligence techniques is that they produce 
logical classification rules in terms of subsets of rele- 
vant variables selected from the set of descriptive 
variables. These logical rules detail the biologic charac- 
teristics of the different data groups and can be commu- 
nicated and discussed more easily with specialists in the 
field. In fact, our study demonstrates that these two data 
classification methods must be combined in order to 
obtain better information on the diagnostic value con- 
tributed by each quantitative variable. 


The data from our study strongly suggest that the 
four groups are different from a biologic point of view. 
This fact could partly explain the unexpected clinical 


behavior of nasal polyps. 


Taking into account all the results obtained here, we 
think that a group I polyp will stay between the middle 
turbinate and the lateral nasal wall without becoming a 
group II polyp, while a group II polyp will directly 
become diffuse polyposis. The same approach can be 
taken for group IIIB, in which all the patients had aspirin 
hypersensitivity and asthma. In the Drake-Lee et al 
series,! although nasal polyps are three times more 
common in males, the sex ratio was inverted in the 
asthma group (2:1 for women); this finding suggests a 
subgroup that is likely to develop both polyps and 
asthma as a result of an underlying condition.! 


In conclusion, our study shows that a morphologic 
classification of nasal polyps, including features de- 
scribing morphonuclear and glycohistochemical char- 
acteristics, fit in with the classification set up on the 
basis of clinical data. We are now increasing our series 
of cases in order to be able to propose in the near future 
a reliable classification of nasal polyps based on mor- 
phologic characteristics. 
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The aim of this study was to provide a statistical evaluation of the screening properties of distortion product otoacoustic emissions 
(DPOEs) in individuals with clinically normal hearing and in patients with pure sensorineural deafness of various degrees. The main 
informational parameters used were sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and the 
analysis of receiver operating characteristic (ROC) curves. For each frequency tested, ears were classified as a function of their 
audiometric threshold. Two groups were defined relative to an arbitrary reference, the “audiometric criterion.” The PPV decreased and 
NPV increased with increases in the audiometric criterion. Each point of the ROC curve represents the relationship between the false 
alarm rate and the hit rate for each audiometric criterion ranging between 10 and 75 dB hearing level: the lower the audiometric criterion, 
the lower the hit rate value, and the lower the false alarm value. The audiometric criterion giving the highest hit rate and the lowest false 
alarm rate was 55 to 60 dB hearing level for primaries at 60 and 70 dB sound pressure level, or 25 to 30 dB hearing level for primaries 
at 30, 40, and 50 dB sound pressure level. These two different behaviors of ROC curves are consistent with the hypothesis that DPOEs 


do not represent activity at a single location along the basilar membrane. 


KEY WORDS — audition, cochlea, distortion product otoacoustic emission, hearing screening. 


INTRODUCTION 


Distortion product otoacoustic emissions (DPOEs) 


are otoacoustic emissions evoked by two pure tones 


at f1 and f2 frequencies called primaries. The charac- 
teristics of DPOEs are increasingly well established 
in mammals with thorough reviews.'? In humans, 
the most prominent DPOE occurs at the 2f1 — f2 
frequency. The amplitude of this particular distortion 
product is much lower than the levels of the primary 
tones — typically, 60 dB lower in the human ear. 


The DPOEs are generated in the cochlear region _ 


where the f1 and f2 components both are large and 
propagate mechanically both toward the distortion 
frequency location and toward the stapes, through the 
middle ear and the external ear canal. Moreover, 
DPOEs are reversibly reduced by exposing the ear to 
a fatiguing single tone at a frequency near or slightly 
below the primary frequencies.?9 Brown et al’ re- 
corded DPOEs in guinea pigs before and after treat- 
ment with aminoglycosides, and the results were 
compared in terms of histopathologic features. After 
such ototoxic treatment, DPOEs can be generated in 


response to primary intensities of >60 dB sound 
pressure level (SPL), while DPOEs in response to 
primary intensities of «60 dB SPL are absent. In these 
cases, the frequency region in which the primaries 
achieve their maximum vibration totally lacks outer 
hair cells. Therefore, DPOEs generated by primary 
intensities of >60 dB SPL probably have their origin 
in passive properties of the cochlea. On the other 
hand, DPOEs elicited by primary intensities of «60 
dB SPL probably have their origin in the active 
mechanical properties of outer hair cells. This fact 
suggests that several DPOE sources could be present 
within the inner ear.7-?? 


The DPOEs may have important clinical applica- 
tions. These possible applications depend on three 
main factors.!? First, DPOEs can be easily recorded 
by means of a small acoustic probe introduced with- 
out pain in the external auditory canal either in adults 
or in infants. Second, DPOEs represent a physiologic 
and objective test that could prove to be very useful 
for evaluating auditory function in young children.!4 
Third, DPOE seems to be a frequency-selective test.15 
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In a clinical setting, the amplitudes of DPOE elicited 
by low primary intensities («60 dB SPL) are well 
correlated with pure tone auditory threshold at the 
mean frequency of the primary tones. Moreover, they 
appear to be insensitive to the value of auditory 
thresholds at other frequencies and particularly for 
higher tones. Thus, these DPOEs do provide fre- 
quency-specific information. When higher primary 
intensities are used, this specificity disappears. These 
clinical properties of DPOEs also suggest that several 
DPOE sources could be present within the inner 
ear. 1? 


Several teams have proposed DPOEs as a new 
screening method for auditory function.25:14 This test 
could be very useful for evaluating cochlear function 
in young children, especially in neonates. Evaluating 
a new diagnostic test is an essential step before its 
clinical application. The information provided by the 
test must be considered in terms of diagnostic value 
and cost. For this purpose, Gorga et al!®!7 were the 
first to apply to DPOEs an analysis based on deci- 
sion theory (receiver operating characteristic [ROC] 
curves). Their goal was to determine DPOE ampli- 
tudes that were able to distinguish between normal 
and impaired ears. The results of Gorga et al allowed 
the establishment of a quantitative basis to the wide- 
spread notion that otoacoustic emission amplitudes 
are sensitive to a hearing loss of 20 to 30 dB and are, 
consequently, useful for screening purposes. Alter- 
. native approaches might be proposed. An important 
clinical issue is to separate subjects according to 
more demanding audiometric criteria. For example, 
separating a 30-dB from a 40-dB hearing loss may 
have important practical consequences. Likewise, 
there is wide acceptance that the level of stimulation 
tones used for eliciting DPOEs is of prominent sig- 
nificance for the physiological interpretation of re- 
sponses. It has been hypothesized?-1? that different 
cochlear sources of DPOEs exist, so that DPOEs can 
provide information on the cochlear function in hu- 
mans, either on the active mechanical status if the 
stimulation level is low enough, or on the passive 
mechanical status if the level exceeds 60 to 70 dB 
SPL. The goal of ourexperiment was to determine the 
level of hearing loss for which DPOEs would be 
present or absent. For this purpose, the level of 
hearing loss for which presence or absence of DPOEs 
was assumed to be discriminant was varied, and 
decision theory was applied to establish the best 
criterion. We elicited DPOEs by different levels of 
stimulation tones ranging from 30 to 70 dB SPL (in 
10-dB steps) in order to control to what extent they 
influenced the DPOE properties and, consequently, 
the diagnostic test properties. Two samples of sub- 
jects were recruited: 1) individuals with clinically 


normal hearing and 2) patients with pure sensorineu- 
ral hearing losses of various degrees. The goal of 
evaluating the diagnostic test properties of DPOEs 
was accomplished by examining these otoacoustic 
emissions in individuals, but also, the analysis of 
these results was done from a statistical point of view. 
The main informational parameters used in this study 
were the sensitivity, the specificity, the positive pre- 
dictive value (PPV), and the negative predictive 
value (NPV) of the test and the analysis of ROC 
curves. 


MATERIALS AND METHODS 


Subjects. The DPOEs were measured in 108 sub- 
jects. The control group included 34 young adult 
volunteers (ages 14 to 34 years, mean 23 years). They 
had normal hearing without any history of otologic 
disease or exposure to ototoxic agents or noise, and 
hadnormal otologic findings (normal otoscopic find- 
ings, normal middle ear pressure, and normal acous- 
tic reflex thresholds). All subjects had audiometric 
pure tone thresholds of 10 dB hearing level (HL) or 
less at octave frequencies between 0.25 and 1 kHz 
and at half-octave frequencies between 1 and 8 kHz. 


The pathologic group included 74 patients (ages 
17 to 92 years, mean 46 years) presenting with hear- 
ing impairment. They came to the outpatient otolar- 
yngology clinic for routine evaluation. All patients 
exhibited a pure sensorineural hearing loss based on 
audiogram, acoustic reflex thresholds, and auditory 
brain stem responses. They had normal otoscopic 
findings and normal middle ear pressure. The sen- 
sorineural hearing losses had various causes: acous- 
tic trauma (n = 8), ototoxic drugs (n = 4), and pres- 
bycusis (n = 62). Most of the ears exhibited predomi- 
nantly high-tone hearing losses. The mean auditory 
thresholds were 26 dB HL (standard error [SE] 1.9), 
34.6 dB HL (SE 2), and 52.2 dB HL (SE 2.45) for 1, 
2, and 4 KHz, respectively. The reported investiga- 
tions were performed in accordance with the prin- 
ciples of the Declaration of Helsinki. 


DPOE Recordings. The DPOE recordings ob- 
tained with a small acoustic probe incorporating two 
earphones (Etymotic Research ER-2) are character- 
ized by aflat frequency response from 0.2 to 10 kHz, 
and a linear operation up to 100 dB SPL in the human 
external auditory canal. A measuring amplifier (Bruél 
and Kjaér 2609) and a 0.5-in microphone (Bruél and 
Kjaér 4166) were used to calibrate the probe in a 
standard 2-cm? coupler (Bruél and Kjaér DB138). 
Acoustic responses were detected by a low-noise 
microphone (Etymotic ER-10B). All recordings were 
done in a double-walled, sound-treated booth with 
the probe sealed into the external auditory canal by an 
impedance probe without any external support. 


(———— 22 
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TECHNICAL CHARACTERISTICS OF 


PRIMARY FREQUENCIES 
Range 
of Geometric 
Pure Tones Noise Mean of | Frequency 
(Primaries, Hz) Flor . flandf2  of2fl-f2 
f f2 f2fl (dBSPL) (Hz) (Hz) 
918 1,129 123  -7to-11 1,000 707 
1798 2211 123 -12to-15 2,000 1,385 
3,600 4,440 1.23 ~15to-20 4,000 2,760 


The two primary tones, called fI and f2, were 
generated by the two earphones (ER-2) connected to 
atwo-channel frequency synthesizer (Hewlett Pack- 
ard 8904A) and delivered separately to the ear 
through two small-diameter tubes. The DPOE signal 
was delivered without amplification to a dynamic 
signal analyzer (Hewlett Packard 3561 A) for extrac- 
tion of the Fourier components at 1) the 2f1 — f2 
frequency and 2) over a 50-Hz frequency span below 
the 2f1 — f2 frequency that estimated the noise floor. 
Fast-Fourier transform was done over a frequency 
span of 1 kHz and a frequency resolution of 2.5 Hz 
with a Hanning weighting function. The amplitude of 
2f1 — f2 and the amplitude of the noise floor were 
determined from the average of five spectra. Both 
signal generation and response analysis were auto- 
matically controlled by a microcomputer (IBM AT3 
with a Hewlett Packard 82304 basic ROM expansion 
board on a Hewlett Packard 82321 language pro- 
cessor card). For each DPOE measure, the 2f1 — f2 
amplitude was statistically compared with the mean 
noise floor amplitude, estimated as the mean value of 
20 points (50-Hz span). If the 2f1 — f2 amplitude was 
included within the 95% confidence interval (CI) of 
the noise floor, the DPOE was considered to be 
nonsignificant. If the 2f1 — f2 amplitude was greater 
than the upper limit of the 95% CI of the noise floor, 
the DPOE was considered to be present. Coupler tests 
showed that instrumental distortions did not exceed 
—20 dB SPL when primary levels were less than or 
equal to 70 dB SPL. 


Procedures and Statistical Analysis. Audiometric 
data were available from the same day on which the 
DPOE measurements were made. But, in all cases, 
the physicians that recorded the DPOEs were un- 
aware of the audiometric results, which were ob- 
tained by another physician. For each subject, the 
tested ear was selected at random unless there was 
some indication that an ear would not be appropri- 
ate for DPOE testing (eg, external or middle ear dis- 
ease). The DPOE input-output functions were mea- 
sured for three 2f1 — f2 DPOES (ie, 707 Hz, 1,385 Hz, 
and 2,760 Hz) with a fixed f2/f1 ratio near 1.23 (see 
Table). For each DPOE input-output function, equi- 
level stimuli L1 and L2 were delivered from 70 dB 


SPL to 30 dB SPL in 10-dB steps. 


Principles of decision theory!® have been applied 
to the problem of evaluating the ability of DPOEs to 
distinguish normal-hearing subjects from hearing- 
impaired subjects.19.17.19 For each frequency tested, 
two groups of ears were defined relative to an arbi- 
trary reference, the “audiometric criterion.” The “au- 
diometric criterion" is the screening limit value sepa- 
rating the two groups. Ears were classified in these 
two groups as a function of their audiometric thresh- 
old. The first group included ears having an audio- 
metric threshold better (lower) than or equal to the 
audiometric criterion; the second group included ears 
having an audiometric threshold greater than the au- 
diometric criterion. For example, with an audiomet- 
ric criterion at 15 dB HL, the first group, including 
ears with a normal hearing function, had an auditory 
threshold of «15 dB HL for the frequency tested, and 
the second group, the diseased ears, had an auditory 
threshold of >15 dB HL for the frequency tested. 


The study attempted to describe the extent to 
which DPOEs, classified dichotomously as either 
present or absent, could determine hearing status for 
audiometric criteria ranging from 10 to 75 dB HL. 
For each audiometric criterion, two-by-two tables 
were constructed to determine how normal and im- 
paired ears could be classified on the basis of the 
presence or absence of DPOEs. The percentages of 
ears correctly identified as hearing-impaired (hits) on 
the basis of DPOE absence were estimated, as were 
the percentages of normal-hearing ears incorrectly 
identified as hearing-impaired (false alarms). Hits, or 
true positives, were defined as individuals having 
hearing thresholds of »y dB HL who would be clas- 
sified withouterror if this audiometric criterion value 
was used. False alarms, or false positives, were de- 
fined as individuals having thresholds of <x dB HL 
who would be classified as having an audiometric 
threshold of >x dB HL if that criterion value was used. 


For each tested frequency (ie, 1, 2, and 4 kHz), 
DPOEs were recorded in response to five different 
stimulation intensities (ie, 30, 40, 50, 60, and 70 dB 
SPL). Thus, 15 DPOE recordings were made for 1 
tested ear. For each DPOE stimulation intensity, a 
two-by-two table was constructed for each audiomet- 
ric criterion. The audiometric criteria ranged from 10 
to 75 dB HL in 5-dB steps. Thus, 14 two-by-two 
tables were constructed for each DPOE stimulation 
intensity. From each table, the PPV and NPV, with 
the 95% CI, were estimated. The PPV corresponds to 
the probability that a subject will have impaired 
hearing function when the test result is positive. The 
test was considered positive when DPOEs were ab- 
sent for a precise frequency and primary stimulation 
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Y VARIABLES 


Fig 1. Positive predictive value (PPV; left 
side of Figure) and negative predictive 
value (NPV; right side of Figure) (solid 
circles), with upper limit (UL; open tri- 
angles) and lower limit (LL; open circles) 
of 95% confidence interval (CT) for dis- 
tortion product otoacoustic emissions 
(DPOEs) elicited by 70-dB sound pres- 
surelevel (SPL) equilevel primary stimu- 
lation intensity at three frequencies: 1, 2, 

y and 4 kHz. PPV decreases and NPV in- 
creases when audiometric criterion in- 
creases. 
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level. The NPV corresponds to the probability that a 
subject will have normal hearing function when the 
test result is negative. The test was considered nega- 
tive when DPOEs were present for a precise fre- 
C quency and primary stimulation level. 


Moreover, the percentages of hits for DPOEs were 
plotted as a function of false alarms to generate the 
ROC curves. Each ROC curve point was calculated 
from hit and false alarm rates corresponding to the 
presence or absence of a DPOE for precise audiomet- 
riccriteriaranging from 10to 75 dB HL in 5-dB steps. 
Thus, this analysis allows us to determine the opti- 
mal audiometric criterion for separating ears accord- 
ing to the presence or absence of DPOEs. 


RESULTS 


Positive and Negative Predictive Values.'The noise 

floor varied as a function of f2 frequency (see Table). 

The results summarized in Fig 1 represent the evolu- 

tion of the PPV and NPV in response to a 70-dB SPL 

| primary stimulation intensity as a function of the au- 
SS diometric criterion. Three series of curves (ie, curves 
A, B, and C) were plotted for three different frequen- 

cies (1, 2, and 4 kHz, respectively). The upper limit 
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and the lower limit of the 95% CI are represented 
above and below each PPV or NPV curve. 


The main feature of these functions is that the PPV 
decreased and the NPV increased when the audio- 
metric criterion was increased. With a low audiomet- 
ric criterion — for example, 15 dB HL (considered 
the upper limit of normal hearing) — the probability 
that the ear was impaired was near 1 (for the three 
frequencies tested) when the test was positive (ab- 
sence of DPOEs), while the probability that the ear 
was normal when the test was negative (presence of 
DPOEs) ranged between .4 and .5, whatever the 
frequency tested. On the other hand, with an audio- 
metric criterion around 30 dB HL, the probability that 
the hearing level was 230 dB HL ranged between .88 
(1 kHz) and 1 (4 kHz) when the test was positive, 
while the probability that the hearing level was «30 
dB HL when the test was negative ranged from .55 
(4 kHz) to .85 (1 kHz). With a high audiometric cri- 
terion — for example, 60 dB HL (separating moder- 
ate versus severe hearing loss) — the probability that 
the hearing level was 260 dB HL (ie, severe or 
profound hearing loss) ranged between .4 and .6 
when the test was positive, while the probability that 
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the hearing level was «60 dB HL ranged from .84 to 
1 when the test was negative. 


Figures 2-5 progressively represent the evolution 
of the PPV and NPV as a function of the audiometric 
criterion in response to primary equilevel stimula- 
tions ranging from 60 dB SPL (Fig 2) to 30 dB SPL 
(Fig 5). For each primary stimulation intensity, the 
PPV decreased and the NPV increased with increases 
in the audiometric criterion. With a low audiometric 
criterion — for example, 15 dB HL — the probability 
that the tested ear was impaired when the test was 
positive dropped from 1 to .7 with a primary stimula- 
tion intensity decreasing from 70 to 30 dB SPL. The 
probability that the ear was normal when the test was 
negative ranged between .42 (4 kHz, 70 dB SPL) and 
.87 (4 kHz, 30 dB SPL). 


Receiver Operating Characteristic Curves. The 
analysis summarized in Fig 6A represents a statistical 
decision theory approach to selecting appropriate 
criteria for classifying normal-hearing and hearing- 
impaired subjects on the basis of DPOEs with equi- 
level primary stimulation at 70 dB SPL. Each point 
represents the relationship between the false alarm 
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Fig 2. PPV (left side of Figure) and NPV 
(right side of Figure) (solid circles), with 
UL (opentriangles) and LL (open circles) 
of 95% CI for DPOEs elicited by 60-dB 
SPL equilevel primary stimulation inten- 
sity at three frequencies: 1, 2, and 4 kHz. 


0 


rate (ie, 1 minus specificity) and the hit rate (ie, 
sensitivity) for an audiometric criterion used (these 
ranged from 10to 75 dB HL by 5-dB steps): thelower 
the audiometric criterion, the lower the hit rate value, 
and the lower the false alarm value. For example, 
with an f2 frequency at 1 kHz, the false alarm rate 
increased from 0% to 12%, while the hit rate in- 
creased from 16% to 100% with an audiometric 
threshold ranging from 10 to 75 dB HL. An ideal test 
would havea hit rate value equal to 1 and a false alarm 
value equal to 0 (upper left corner of each ROC 
diagram, point A). The audiometric criterion giving 
the highest hit rate and the lowest false alarm rate was 
60 dB HL. Similar results were obtained with a 2- 
kHz DPOE, but the hit rate decreased and the false 
alarm value increased at this frequency. At4 kHz, the 
maximum hit rate obtained was 83%, while the false 
alarm value was high (around 25%). 


With a primary stimulation intensity at 60 dB SPL, 
similar results were obtained (Fig 6B). The best hit 
rates ranged from 100% (1 and 2 kHz) to 90% (4 kHz) 
with an audiometric criterion around 50 to 55 dB HL. 
The false alarm rate was around 20% for these three 
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Fig 3. PPV (left side of Figure) and NPV 
(right side of Figure) (solid circles), with 
UL (opentriangles) and LL (open circles) 
of 95% CI for DPOEs elicited by 50-dB 
SPL equilevel primary stimulation inten- 
sity at three frequencies: 1, 2, and 4 kHz. 
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frequencies. Figure 6C summarizes results estimated 
for primary stimulation intensities of 50 dB SPL. 


Three important modifications can be observed: 1) 


maximum hit rates dropped from 100% to 95% when 
DPOE frequencies decreased from 1 to 4 kHz; 2) in 
comparison with DPOEs elicited by high primary 
intensities (70 and 60 dB SPL), false alarm values 
increased by 20% for best hit rates; and 3) the audio- 
metric criterion giving the highest hit rate and the 
lowest false alarm rate was around 25 to 30 dB HL, 
whatever the frequency tested. For the lowest pri- 
mary stimulation intensities (ie, 40 and 30 dB SPL), 
the main characteristic was the augmentation of false 
alarm incidence without any modification of best hit 
rates (Fig 6D,E). The audiometric criterion giving the 
highest hit rate and the lowest false alarm rate was 
around 25 to 30 dB HL, whatever the frequency 
tested. 
DISCUSSION 


This work explores the potential of a statistical 
method to evaluate DPOE measurements in relation 


. to audiometric thresholds at three primary frequen- 


cies (f2 frequencies at 1,129 Hz, 2,211 Hz, and 4,440 
Hz). The DPOEs were classified as either present or 


absent, and their amplitudes were not analyzed. We 
have not analyzed these DPOE amplitude variations 
because some authors have shown that dramatic 
changes can occur for DPOE input-output functions 
obtained with slight primary frequency changes. 112021 
Therefore, it was very important to use a reliable 
decision rule to assess their presence or absence with 
respect to the noise floor. For this purpose, spectral 
averaging was used in order to have a more stable 
estimate of noise. On the other hand, the signal-to- 
noise ratio would have been improved with temporal 
averaging. As DPOEs had to be collected in a stan- 
dard clinical setting, the limitation of the signal-to- 
noise ratio was mainly the patient's cooperation in 
being very quiet, and technical improvements in 
DPOE recording did not seem essential. 


Two main points arise from this statistical analy- 
sis. The first concerns the interpretation of ROC 
curves. The second is the analysis of the PPV and 
NPV as functions of the audiometric criterion. 


The aim of this study was to evaluate DPOE test 
performance. For this purpose, Gorga et al! used 
analyses based on decision theory (ROC curves). 


1058 


Y VARIABLES 


0 10 20 30 40 50 #609 70 680 0 10 20 20 
(dB HL) 


Y VARIABLES 


i 10 20 36 40 59 66 70 B0 9 10 20 39 
d (dB HL} 


1 4 kHz 


Y VARIABLES 


0 10 20 


c 
- 


2 


30 40 50 60 70 
AUDIDMETRIC CRITERION (dB HL) 


Each ROC curve was constructed for an arbitrarily 
chosen audiometric criterion (ie, 10 to 40 dB HL in 5- 
dB steps). For an ROC curve, each point was calcu- 
lated for a DPOE amplitude (or DPOE/noise) at 
different frequencies (ie, 500- to 8,000-Hz octave 
frequencies). Then, their goal was to compare ROC 
curves for these five frequencies. The DPOE ampli- 
tude and DPOE/noise measurements were able to 
distinguish between normal and impaired ears at 
22,000 Hz, but the performance decreased as fre- 
quency and audiometric criterion decreased. In an- 
other paper, Gorga et al!? used the same technique in 
order to compare DPOEs and transient evoked oto- 
acoustic emissions (TEOEs). They also reported bet- 
ter performance for TEOEs at «2,000 Hz. 


Our approach 1s different. Although it is based on 
ROC curves, their construction differs. Each point 
was calculated from hit and false alarm rates corre- 
sponding to the presence or absence of DPOEs for 
precise audiometric criteria ranging from 10 to 75 dB 
HL in 5-dB steps. Therefore, the aim of this analysis 
was to determine the optimal audiometric criterion 
for separating ears according to the presence or 
absence of DPOEs. For both data processing meth- 
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Fig 4. PPV (left side of Figure) and NPV 
(right side of Figure) (solid circles), with 
UL (opentriangles) and LL (open circles) 
of 95% CI for DPOEs elicited by 40-dB 
SPL equilevel primary stimulation inten- 
sity at three frequencies: 1, 2, and 4 kHz. 


60 7 
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ods, it is not clear whether the conclusions might be 
generalized to other procedures and equipment. The 
method of Gorga et allé uses DPOE amplitude as a 
quantitative criterion. However, a recent study by 
Hall et al?* showed that DPOE amplitudes in the same 
ear are variable when the detecting equipment 1s 
changed. Allen and Fahey?? pointed out that the 
acoustic characteristics of the probe microphone may 
greatly influence the detection of DPOE. The method 
we propose eliminates the question of quantitative 
appreciation of amplitude by merely considering 
presence or absence of DPOEs with respect to noise 
floor. However, noise floor levels also depend on 
technical conditions and on subject cooperation. Thus, 
none of these methods seems able to provide univer- 
sal criteria. 


The ideal discrimination threshold would allow 
the separation of all subjects without either false 
positives or false negatives. In this theoretic case, the 
sensitivity and the specificity will be equal to 1. In our 
study, the discrimination threshold used is the audio- 
metric criterion. Thus, the most interesting point of 
these ROC curves corresponds to the clinical condi- 
tions giving the highest hit rate and the lowest false 
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Fig 5. PPV (left side of Figure) and NPV 
(right side of Figure) (solid circles), with 
UL (opentriangles) and LL (open circles) 
of 9596 CI for DPOEs elicited by 30-dB 
SPL equilevel primary stimulation inten- 
sity at three frequencies: 1, 2, and 4 kHz. 
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alarm rate. Two different categories of ROC curves 
were identified in this study. The first one reflects 
DPOEs elicited by high primary stimulation levels 
(ie, 70 and 60 dB SPL; Fig 6A,B). In these cases, the 
best audiometric criterion value, giving a high sensi- 
tivity (ie, hit rate) and a low false alarm rate, was >55 
dB HL. For example, for a primary stimulation level 
of 70 dB SPL, this best criterion value was around 60 
to 65 dB HL, whatever the frequency tested between 
] and 4 kHz. The second pattern of ROC curves 
reflects DPOEs elicited by low primary stimulation 
intensities (ie, <50 dB SPL). In these cases, the best 
audiometric criterion value was «30 dB HL. For 
example, the best criterion value for 1-kHz DPOEs in 
response to a 50-dB SPL stimulation level is 30 dB 
HL. This fact has two main consequences. First, if 
DPOEs are used for screening auditory function in 
order to separate subjects with normal versus sub- 
normal hearing function (ie, audiometric threshold of 
30 dB HL), the DPOE parameters must include a 
primary stimulation level of <50 dB SPL. On the 
other hand, if the screening test is used to separate 
subjects with a profound or severe hearing loss from 
other subjects, it would be more useful to use DPOEs 
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with a high primary stimulation level, 260 dB SPL. 


Other clinical circumstances need very high hit 
rates, whereas high false alarm rates may be tolerated 
— for example, in assessing individual risk for hear- 
ing loss. The ROC curves allow the determination of 
needed protocol changes. For example (Fig 6C), at 2 
kHz, the highest hit rate is obtained for an audiomet- 
ric criterion of 45 dB HL. The false alarm rate 
increases by about 20% with respect to the ideal 
protocol, which was previously chosen with an au- 
diometric criterion of 25 to 30 dB HL. In this case, the 
hit rate only increases by 8%. Similar features are 
observed for most frequencies and levels. These 
modifications of the protocol in order to obtain very 
high hit rates only produce minor variations of the hit 
rates, while false alarm rates greatly increase. Thus, 
it seems that such a practice should not be recom- 
mended. 


In clinical practice, it is necessary to interpret the 
result of atest while the real patient status (ie, normal 
or impaired ear) is unknown. For this purpose, two 
parameters are defined in diagnostic procedure evalu- 
ation theory. First, the PPV corresponds to the prob- 
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Fig 6. Receiver operating characteristic (ROC) curves for DPOEs elicited by A) 70 dB SPL, B) 60 dB SPL, C) 50 dB SPL, D) 
40dB SPL, and E) 30 dB SPL primary stimulation level at three frequencies: 1 kHz (squares), 2 kHz (triangles), and 4 kHz (circles), 
with audiometric criterion varying from 10 to 70 dB HL by 5-dB steps. The lower the audiometric criterion, the lower the hit rate 
value, and the lower the false alarm value. Ideal test would have hit rate value equal to 1 and false alarm value equal to 0 (point 
A at upper left corner of ROC diagram). Audiometric criterion giving highest sensitivity and lowest false alarm value varied as 
function of primary stimulation level. It was, respectively, 60 dB HL (A), 50to 55 dB HL (B), and 25 to 30 dB HL (C-E) for primary 


stimulation levels of 70 to 30 dB SPL. 


ability of a subject's having impaired hearing func- 
tion when the test result is positive. In the study, the 
test was considered positive when DPOEs were ab- 
sent for a precise frequency (1, 2, or 4 kHz) and 
primary stimulation level (70, 60, 50, 40, or 30 dB 
SPL). This probability is high when the audiometric 
criterion is low. This fact is easily understandable: 
DPOEs are present in normal subjects, and their 
incidence decreases with increasing audiometric 
thresholds.2^2$ On the other hand, the absence of 
DPOEs in patients with a severe or profound senso- 
rineural hearing loss is physiologically reassuring 
(ie, seems normal on the basis of auditory physiol- 
ogy). These data give the precise probability, with a 
95% CI, for each subject to be classified below or 
above an audiometric criterion as a function of the 
absence of DPOEs for each frequency and primary 
intensity tested. 


Second, the NPV corresponds to the probability of 
a subject's having normal hearing function when the 
test is negative. In the study, the test was considered 
negative when DPOEs were present for a precise 
frequency and primary stimulation level. This prob- 


ability is high when the audiometric criterion is 


high. This fact is also easily understandable: DPOEs 
are absent in hearing-impaired subjects, and their 
incidence increases as audiometric thresholds de- 
crease.2426 Most clinical publications on the inci- 
dence of DPOEs in ears with sensorineural hearing 


loss describe the variation in this incidence as a 
function of the audiometric threshold. Recently, we 
showed that the incidence of DPOEs in patients with 
hearing thresholds of 230 dB HL ranged between 
48% and 53% (as a function of the frequency tested 
between 1 and 4 kHz) in response to an equilevel 
primary stimulation level of 72 dB SPL, ranged be- 
tween 1396 and 2296 in response to a 62-dB SPL 
stimulation, and was <7% in response to a stimula- 
tion of <52 dB SPL.25 Our results give the precise 
probability, with a 9596 CT, for each subject to be 
classified below or above an audiometric criterion as 
a function of the presence of DPOEs for each fre- 
quency and primary intensity tested. For example, 
the probability of a subject's having an audiometric 
threshold of «30 dB HL and DPOEs in response to a 
70-dB SPL primary stimulation intensity is around — 
88%. This probability is 100%, 93%, 100%, and 
100% when DPOEs are present in response to stimu- 
lation levels of 60, 50, 40, and 30 dB SPL, respec- 
tively. These data provide an estimation of the risk of 
error when DPOEs are used for screening auditory 
function in humans. 


The study of DPOEs is important because it con- 
tributes to a better understanding of cochlear func- 
tion. The DPOE properties in normal and hearing- 
impaired ears seem to vary greatly as a function of the 
primary stimulation intensity. When a high stimula- 
tion intensity is used (ie, 260 dB SPL), DPOE pres- 
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ence or absence can be useful in discriminating, with 
good sensitivity and specificity, subjects with an 
audiometric threshold greater or lower than 55 to 60 
dB HL. With a lower audiometric criterion, the sen- 
sitivity of the test drops dramatically. Thus, these 
DPOES elicited by high stimulation intensities seem 
to be the marker of some physiological mechanisms 
whose properties change when cochlear damage is 
associated with audiometric thresholds around 55 to 
60 dB HL. On the other hand, when a lower stimula- 
tion level is used (ie, <50 dB SPL), DPOE presence 
or absence can be useful in separating subjects with 
an audiometric threshold worse than or better than 25 
to 30 dB HL with great sensitivity and specificity. 
Therefore, these DPOEs elicited by low stimulation 
intensities seem to be associated with other physio- 
logical mechanisms whose properties change when 
audiometric thresholds are around 25 to 30 dB HL. 
Whitehead et al?’ noted that a notch often existed in 
the input-output DPOE functions for input levels 
around 60 to 70 dB SPL. Never was more than one 
notch observed. Therefore, these observations sug- 
gested separating the DPOE input-output function 
into two parts according to stimulus level. Moreover, 
in certain input-output functions, an enhancement of 
the DPOE amplitude was observed that could be 
explained by the summation of two sources that were 
in phase.*” Similar results have been published by 
Popelka et al.!! | 


Most authors consider DPOEs to be made up of 
two distinct components: an “active” source that is 
dominant at low and moderate stimulus levels, and a 
"passive" source. The passive componentis observed 
when the active component disappears after either 
furosemide intoxication!?2? or ototoxic aminoglyco- 
side administration.^?? The existence of two compo- 
nents in the DPOEs has also been previously sug- 
gested on the basis of some other lines of evidence, 
including changes postmortem and/or after acoustic 
trauma,” and changes with development.?° In our 
study, the so-called active DPOE component seems 
to be mainly present in humans when audiometric 
thresholds are «30 dB HL. The DPOEs elicited by 
lowprimary stimulation intensities are produced with- 


in the cochlea by nonlinear interactions between the 
two primary tones,*! and their sensitivity to outer 
hair cell dysfunction indicates that this nonlinearity 
is closely related to electromechanical processes in 
outer hair cells. Hamernik et al?? have studied the 
quantitative relationship between sensory cell loss 
and hearing thresholds on the basis of experimental 
data obtained from 420 chinchillas with noise-in- 
duced hearing loss. For example, at 2 kHz, the per- 
centage of outer hair cell loss changed from 0% to 
50% when the threshold shifted from 0 dB to 30 dB. 
When all outer hair cells disappeared, the threshold 
shift was around 60 dB. In regions of the cochlea that 
transduce frequencies of >1 kHz, the three rows of 
outer hair cells show the same degree of loss for a 
given threshold shift. This remarkable value of 30 dB 
HL does not correspond with some drastic cochlear 
hair cell modification. Moreover, the audiometric 
limitof 30 dB HL has been found in evoked otoacous- 
tic emissions that are not recordable when the mean 
audiometric threshold (ie, 1-2-4 kHz) is greater than 
this value.*4 It seems difficult to strictly associate 
outer hair cell losses and the variations of DPOE 
properties at 25 to 30 dB HL (Fig 6C-E). On the other 
hand, the so-called passive DPOE component seems 
to be mainly present in humans when audiometric 
thresholds are <60 dB HL. From a physiological 
point of view, this audiometric limit of 60 dB HL 
corresponds to a complete disappearance of the tips 
of the auditory nerve fibers.33-35 Histologically, this 
threshold is associated with a complete disappear- 
ance of the three rows of outer hair cells.32 Thus, outer 
hair cells probably play a role in the generation of 
DPOEs elicited by high stimulation intensities. There- 
fore, itseems excessive to call such DPOEs a passive 
component. 


In conclusion, this evaluation of peripheral audi- 
tory function by DPOEs using conditional probabil- 
ity allows a precise description of the statistical risk 
for a physician to use DPOEs as a screening tool. 
Moreover, the analysis of ROC curves suggests that 
two different DPOE components seem to be present 
in human ears. The properties of these two different 
components strongly differ in diseased ears. 
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THREE FAMILIAL CASES OF HEARING LOSS ASSOCIATED 
WITH ENLARGEMENT OF THE VESTIBULAR AQUEDUCT 


SATOKO ABE, MD 


SHIN-ICHI USAMI, MD 


HIDEICHI SHINKAWA, MD 


HIROSAKI, JAPAN 


The present report describes three familial cases of recessive hearing loss associated with enlargement of the vestibular aqueduct (EV A). 
Six siblings from three families showed EVA. The common characteristic of these patients was the presence of congenital, high-frequency, 
fluctuating sensorineural hearing loss. These cases suggest that EVA may be a useful discriminator between different types of recessive 


hearing loss. 


KEY WORDS — anomaly, enlargement of vestibular aqueduct, familial disorders, inner ear, recessive hearing loss. 


INTRODUCTION 


The vestibular aqueduct is the bony canal containing 
the endolymphatic duct and endolymphatic sac. En- 
largement of the vestibular aqueduct (EVA), initially 
reported by Valvassori and Clemis (1978), has been 
found in 1% to 1.5% of patients undergoing tomogra- 
phy.!4 This deformity has been evaluated by computed 
tomography (CT),3° and the enlarged endolymphatic 
duct and sac within the bony otic capsule have been 
confirmed by magnetic resonance imaging (MRI).7-10 


Family # 1 








Ii IV 


Enlargement of the vestibular aqueduct is of particular 
interest, because this anomaly is often associated with 
characteristic clinical features, including progressive 
and/or fluctuating sensorineural hearing loss289.11-17 
and, sometimes, dysequilibrium symptoms.11.12.18,19 


However, no attention has been paid to genetic 
backgrounds. Until recently, there had been no detailed 
reports on EV A associated with hereditary hearing loss, 
except that of Urman and Talbot who reported 3 
patients with EVA out of 5 siblings. (The other 2 


Fig 1. Pedigrees of families 1, 2, and 3. Filled symbol — affected patient. 
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siblings had normal hearing and normal appearance of 
the vestibular aqueduct.) Griffith et al? reported 1 fa- 


milial case of hearing loss associated with EVA. In the 


present paper, we describe 3 families, in each of which 
are 2 siblings with congenital hearing loss with EVA 
that seems to have been inherited ina recessive manner. 


SUBJECTS AND METHODS 


Six patients (2 siblings each from 3 families; pedi- 
grees are shown in Fig 1; ages ranged from 1 to 8 years 
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Fig 2. Most recent audiograms of affected 
siblings infamilies 1, 2, and 3 (last pointof 
serial examinations shown in Fig 3). A) 
Family 1, III-1. B) Family 1, III-2. C) 
Family 2, III-1. D) Family 2, III-3. E) 
Family 3, IV-2. F) Family 3, IV-3 (condi- 
tioned orientation response data). All au- 
diograms show high-frequency sensori- 

` neural hearing loss, with conductive com- 
ponents in low frequencies. 


1000 2000 4000 8000 





at diagnosis) showing EVA on CT scans were clinically 
evaluated by audiologic and vestibular testing. Gado- 
lintum-enhanced MRI was also performed in 2 cases to 
confirm enlargement of the endolymphatic duct and 
sac. For audiometric testing, pure tone audiometry or 
conditioned orientation response (COR) testing was 
performed. The audiograms were serially reviewed 
over a period of 4 to 10 years. In some cases, distortion 
product otoacoustic emissions (DPOAEs) were mea- 
sured to determine the status of the mechanical proper- 
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ties of the cochlea. For assessment of vestibular func- 
tion, the eye tracking test (to evaluate smooth pursuit), 
optokinetic testing, caloric testing, and rotational test- 
ing were done in 3 subjects of the 6 (family 1, III-1 and 
2, and family 3, IV-2). The 3 families had no known 
genetic relationships between them. 


RESULTS 


Pedigrees. That the 3 families had normal hearing in 
the parents and grandparents (which excludes the pos- 
sibility of an autosomal dominant trait) and no sexual 
preference to the hearing loss (which eliminates X- 
linked inheritance) is indicative of autosomal recessive 
transmission. The patients had no particular episodes at 
the time of birth and their mothers did not have any 
particular problems during pregnancy (infectious dis- 
ease, etc). None of the families reported any history of 
consanguinity. 


Auditory Findings. Pure tone audiometric data were 
obtained bilaterally from 125 to 8,000 Hz (Fig 2) for all 
patients except 1, who was not old enough to undergo 
this examination. Nine ears showed a high-frequency- 
involved hearing loss, and 1 ear had profound hearing 
loss. Two ears, in a 3-year-old boy, could not be 
classified, but the COR pattern seemed to show high- 
frequency hearing loss (Fig 2F). In spite of having the 
sensorineuralfeature predominating, aconductive com- 
ponent in the lower frequencies was also present in 9 of 
the 10 ears examined. The degree of conductive loss 
ranged from 5 to 50 dB. All audiograms indicated 
somewhatasymmetric patterns. Serial audiometric test- 
ing was performed over 4 to 10 years in 5 patients (Fig 
3). All ears with pure tone audiograms showed a more 
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Fig 3. Course of hearing fluctuation in af- 
fected subjects (A-E correspond to A-E in Fig 
2). Each pointindicates three-frequency aver- 
age of 250, 500, and 1,000 Hz. All subjects 
have fluctuation in hearing, usually bilater- 
ally synchronized. 
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or less fluctuating hearing loss. Bilaterally involved 
ears seemed to be synchronously fluctuating. There 
were no obvious direct triggers of fluctuation, such as 
minor head trauma. Most patients recovered their hear- 
ing naturally without any special treatment. However, 
] ear presented a progressive hearing loss with fluctua- 
tion (Fig 3D). 


Atthe first visit (at 1 to 8 years of age), auditory brain 
stem response (ABR) and COR testing were performed 
on 5 of the 6 patients (1 to 4 years old), since pure tone 
audiograms could not be carried out. The ABR thresh- 
olds indicated that hearing loss, at least in the high 
frequencies, existed at that point. Within the 10 ears 
examined, the ABR thresholds in wave V were ob- 
served at 100 dB in 5 ears, and at 90 dB in 3 ears. The 
COR data were also collected at the first visit. One 
example is shown in Fig 2F. The other COR patterns 
corresponded well to the pure tone audiogram patterns 
obtained when the patients were older. 


The DPOAEs showed no response in the 8 ears (in 4 
patients) examined. 


Vestibular Function. There wereno vestibular symp- 
toms in any of the patients. No abnormal findings were 
detected in the 3 subjects who were examined by ves- 
tibular function testing. 


Radiologic Findings. On CT (Figs 4-6), the average 
size of EVA (at the external aperture) of the present 
cases was 4.9 mm (range 4 to 6 mm). The EVA was the 
only anomaly identified in 9 ears. However, 1 ear was 
associated with another inner ear anomaly (slightly 
enlarged vestibule; family 1, II1-2). 


Magnetic resonance imaging (Figs 4-6) was per- 


1066 Abe et al, Enlarged Vestibular Aqueduct 





formed in 3 patients (family 1, III-1 and III-2, and 
family 3, IV-2). The endolymphatic sac is located in the 
posterior fossa adjacent to the sigmoid sinus. In general, 
the sac is known to show isodensity nearly comparable 
to that of the sigmoid sinus on T1-weighted images; 
however, on T2-weighted images, the endolymphatic 
sac creates higher-density signals than the sigmoid 
sinus (Figs 4A and 6A,B). Gadolinium-enhanced, T1- 
weighted images show the sigmoid sinus to be en- 
hanced, but not the sac (Fig 4B). 


DISCUSSION 


Enlargement of the vestibular aqueduct was origi- 
nally diagnosed and categorized by polytomography, 
and was subsequently studied by high-resolution CT. 
The diagnostic criteria vary according to the author 
reporting: a diameter greater than 1.5 mm at the mid- 
point between the common crus and the external ap- 
erture has been considered to indicate enlarge- 
ment, 2.11.1721 whereas other authors have used a mea- 
surement of greater than 2 mm at the external aperture!? 
or at the midpoint.!?!^ The size of the EVA at the 
external aperture of the present cases (mean 4.9 mm, 


Fig 4. (Family 1) A) T2-weighted 
magnetic resonance image of 16- 
year-old boy (family 1,III-1) show- 
ing enlarged bilateral endolym- 
phatic sac (arrows). Notethat shape 
ofendolymphatic sac complements 
shape of bony labyrinth shown on 
computed tomograms (C;,D). B) TI - 
weighted image, after gadolinium. 
Bilateral sigmoid sinuses (arrow- 
heads) are enhanced, whereas en- 
dolymphatic sacs are not. C,D) 
Computed tomograms of same boy 
demonstrating enlargement of 
both vestibular aqueducts (VAs; 
arrows). Diameter is 4 mm on right 
and on left at external aperture. Ar- 
rowheads — sigmoid sinuses. E,F) 
Computed tomograms of 14-year- 
old girl (family 1, III-2). Signifi- 
cant enlargement of VAs is evident 
(arrows). Diameteris 6 mm onright 
and left. 


range 4 to 6 mm) fulfills the above-mentioned criteria. 
Magnetic resonance images are known to give more 
precise imaging of the fluid compartments of the inner 
ear.’-!0 In the present cases, MRI virtually confirmed a 
CT diagnosis of EVA, and gadolinium enhancement 
differentiated the endolymphatic sac from the sigmoid 
sinus (Fig 4A,B). 


Enlargement of the vestibular aqueduct, which 1s 
known to be the most common inner ear deformity,®’ is 
sometimes associated with other types of inner ear 
anomalies, including a hypoplastic lateral semicircular 
canal, adilated vestibule, and cochlear hypoplasia.- ^. 
One ear in the present study had another associated 
anomaly. A study of a large series of inner ear abnor- 
malities suggested that the organs that develop in the 
later period, such as the lateral semicircular canal and 


vestibular aqueduct, have more opportunities to be 
affected.’ 


One of the characteristic features of audiograms of 
patients with the EVA syndrome is a high-frequency, 
fluctuating sensorineural hearing loss. The conductive 
component observed here, hearing loss at the lower 
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Fig 5. (Family 2) A,B) Computed 
tomograms of 13-year-old boy 
(family 2, III-1). Both VAs are 
markedly enlarged (arrows). Di- 
ameter is 5 mm on right and left. 
C,D) Computed tomograms of 
7-year-old boy (family 2, III-2) 
showing enlarged VAs (arrows). 
Diameter is 5 mm on right and 
left. 


frequencies,!!? has been also reported. According to 
Valvassori,!! since no abnormal findings are found at 
surgical exploration of the middle ear, the conductive 
component is probably caused by a decreased mobility 
of the stapes due to increased perilymphatic or en- 
dolymphatic pressure. 


Fluctuation is one of the characteristic clinical fea- 
tures of the EVA syndrome. All of the present subjects’ 
symptoms fluctuated over the follow-up period. Only 1 
ear showed a progressive hearing loss in the present 
study. This is compatible with other reports stating that 
the hearing loss was stable in most cases (Emmett? 
81%, Zalzal et al!’ 61%), but not with the report by 
Jackler and De La Cruz? (35%). The ABR threshold 
and COR patterns were well correlated with the pure 
tone audiograms that were performed after 2 to 4 years; 
this finding suggests that most of the hearing losses 
were fluctuating, and not progressive (Fig 3). This issue 
should, however, be reevaluated after a longer period of 
observation. 


Concerning the onset of hearing loss, it has been 
argued whether this hearing loss is congenital! or 
acquired.!3 Since the endolymphatic duct and sac con- 
tinue to mature until the age of 4,77 it has been postulated 
that hearing loss may be acquired during the develop- 
ment of the endolymphatic duct and sac.!* Minor head 
trauma is proposed to be an important factor in progres- 
sive and fluctuating hearing loss.!? Other factors, such 
as the common cold and exercise, are also reported to be 
triggers.!©Rapidchanges of intracranial pressure, which 
are normally buffered by the narrowness of the vestibu- 
lar aqueduct,?? may directly affect the inner ear when 
EVA is present. !2 





Anamnestic information on the present cases, how- 
ever, provided no evidence for an acquired nature to the 
hearing loss. Although the possibility cannot be ex- 
cluded that the patients lost their hearing at a very early 
age, the good correlation between ABR testing, COR 
testing (undergone before 4 years of age), and pure tone 
audiograms (performed several years later) makes it 
seem unlikely that the hearing loss was acquired and/or 
progressive. Hearing screening in infants (especially 
below 2 years old) will be required to resolve the 
question of the onset of hearing loss. 


As far as management of EVA is concerned, surgical 
procedures involving the endolymphatic sac did not 
seem to be effective in restoring normal hearing and/or 
preventing fluctuating hearing.*:!*:!3 Since speech au- 
dibility is critical for language acquisition, it is impor- 
tant to diagnose hearing loss in early childhood and 
enhance any residual hearing by means of prescriptive, 
well-fitted hearing aids. In our cases, the prescriptive 
hearing aid fitting was started at the ages of 2 to 7, and 
language acquisition has been successfully begun. 


It deserves special emphasis that CT evaluation is 
required for the early diagnosis of EVA. Immediate 
habilitation should be started for EVA children with 
hearing loss. Both ABR testing and COR serve in 
estimating hearing and in planning medical care and 
counseling, including hearing aid fitting. 

Vestibular dysfunction has been reported as aclinical 
feature of EV A.!2.18.19 Abnormality shown on vestibu- 
lar function testing has also been reported.” The patients 
in the present study, however, did not have vestibular 
complaints or abnormal results on vestibular testing. 


There have been only scattered genetic descriptions 
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concerning EVA. Few EVA patients with a family 
history (close relatives with hearing loss) have been 
reported (2 of 14,! 0 of 14,2 2 of 22,’ 2 of 17,1? 0 of 8/5). 
The present paper provides a detailed description of 
cases of recessive hereditary hearing loss associated 


Fig 6. (Family 3) A,B) Magnetic 
resonance images of 12-year-old 
girl (family 3, IV-2). T2-weighted 
images show fluid compartments 
within membranous labyrinth. Ar- 
rows — enlarged VAs. C,D) Com- 
putedtomograms of same girl show- 
ing enlarged VA (arrows). Diam- 
eter is 5 mm on right and left. E,F) 
Computed tomograms of 3-year- 
old boy (family 3, IV-3) indicating 
enlarged VAs (arrows). Diameter 
is 5mm on right and 4 mm on left. 


with EVA, and the clinical entity was consistent with 
the EVA syndrome reported previously.!?.5. If a 
genetic background is involved in this clinically distinct 
syndrome, particular attention should be directed to- 
ward the discovery of the responsible recessive genes. 
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REDUCTION OF INNER EAR INFLAMMATION BY TREATMENT 
WITH ANTI-ICAM-1 ANTIBODY 


TSUYOSHI TAKASU, MD, PHD 
SAPPORO, JAPAN 


JEFFREY P. HARRIS, MD, PHD 
SAN DIEGO, CALIFORNIA 


The in vivo effect of systemic administration of monoclonal antibody (mAb) against ICAM-1 (aICAM-1) in experimental 
immune-mediated labyrinthitis was evaluated. The aICAM-1-treated rats showed reduced inflammatory cell infiltration in the scala 
tympani and the perisaccular tissue of the endolymphatic sac. However, with this experimental paradigm, labyrinthitis could not be 
completely abolished. These findings suggest that ICAM- 1—dependent pathways play an important role in the series of immunologic events 
occurring in the inner ear, and that the use of ICAM-1 antagonist may be a possible therapeutic approach to labyrinthitis. 


KEY WORDS — antibody, ICAM- 1, inner ear immunity, intercellular adhesion molecule-1, labyrinthitis, treatment. 


INTRODUCTION 


The development of pathologic signs in the auditory 
system in some experimental models of labyrinthitis is 
known to correlate with immune reaction with the 
migration of leukocytes.! The extravasation of leuko- 
cytes through blood vessels at inflammatory sites re- 
quires the adhesion of leukocytes to the endothelium, a 
process mediated by endothelial and leukocyte surface 
molecules functioning as receptors and ligands. A 
recent report from this laboratory indicated that during 
inflammation, the spiral modiolar vein (SMV) trans- 
forms into a high endothelial venule (HEV)-like ves- 
sel.? Additionally, the epithelia of the SMV and collect- 
ing venule (CV) show an increase in expression of 
intercellular adhesion molecule-1 (ICAM-1), one of 
the cell adhesion molecules, during inflammation.4 
These results suggested that these inf lammatory events 
in the inner ear might correlate with the up-regulation 
and enhanced expression of ICAM-1 and that the 
ICAM-1-leukocyte function-associated antigen-1 
(LFA-1) adhesion pathways might play a crucial role in 
them. The interaction between ICAM-1 and LFA-1 is 
also known to be involved in a variety of other immu- 
nologic events, such as antigen presentation during the 
induction phase of an immune response,» and anti- 
body production.” 


Recently, successful therapeutic attempts with in 
vivo administration of antagonists to ICAM-1 or its 
ligand LFA-1 have been focused on animal models of 
human diseases? These included diseases that were 
mediated predominantly by lymphocytes and/or by 
polymorphonuclear leukocytes (PMNs). In an animal 


model of immune-mediated labyrinthitis established in 
our laboratory,!? the inner ear shows accumulation of 
PMNs and lymphocytes,! and the local production of 
antibody.!01! Therefore, it would be interesting to 
investigate the potential for. antagonists to ICAM-1 to 
block the accumulation of inflammatory cells in the 
inner ear. 


The present report describes the effect of monoclonal 
antibody (mAb) against ICAM-1 (@ICAM-1) in rats 
with labyrinthitis immunologically induced by keyhole 
limpet hemocyanin (KLH). We found that injection of 
GICAM-1 reduced the severity of inner ear lesions, 
demonstrating the central role of ICAM-1 receptors in 
HEV-like vessels of the inner ear. 


MATERIALS AND METHODS 


Animals. Female Lewis rats weighing 150 to 200 g 
were purchased from Harlan Sprague-Dawley (India- 
napolis, Ind). Prior to auditory brain stem response 
(ABR) testing, antigen inoculation, blood sampling, 
and operation, each rat was anesthetized with a mixture 
of ketamine hydrochloride (Ketaset, 50 mg/kg), xyla- 
zine hydrochloride (AnaSed, 5 mg/kg), and acepro- 
mazine maleate (PromAce, 0.4 mg/kg) intraperitone- 
ally. 


Antigen Preparation.'The KLH was purchased from 
Pacific Biomarine Supply Co (Venice, Calif) as an 
ammonium sulfate precipitate and then prepared foruse 
according to the following. The slurry was suspended in 
phosphate-buffered saline (PBS), pH 6.4, dialyzed asep- 
tically against PBS, and then centrifuged for 30 minutes 
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at 1,500g. The supernatant was recentrifuged for 2 
hours at 37,000g. The precipitate (associated KLH) was 
dissolved in PBS to a concentration of 50 mg/mL and 
used for immunization of animals. 


Induction of Labyrinthitis. Animals were immu- 
nized subcutaneously in the back with 1 mg of KLH 
preparation emulsified in Freund's complete adjuvant. 
Two weeks later, they were boosted subcutaneously 
with the same dose of KLH in Freund's incomplete 
adjuvant. At 3 weeks, the scalae tympani were injected 
with 10 uL of KLH or PBS through a microhole made 
by a hand drill. The hole was sealed with bone wax after 
injection. 


Antibodies. The hybridoma cell line that produces 
murine mAb 1A29 (IgG1)!? directed against rat ICAM- 
|] was a generous gift of Dr Masayuki Miyasaka (Bio- 
medical Research Center, Osaka University, Japan). 
Pristane (Sigma, St Louis, Mo)-primed BALB/c mice 
(Harlan Sprague-Dawley) receiveda single intraperito- 
neal injection of the hybridoma cells of 107 cells. The 
mAbs were purified from ascites of the mice by ammo- 
nium sulfate precipitation followed by elution through 
a protein A-Sepharose CL-4B affinity column (Phar- 
macia, Uppsala, Sweden). Control murine IgG1 of ir- 
relevant specificity from hybridoma cell line P3.6.2.8.1 
(American Type Culture Collection, Rockville, Md) 
was purified in the same manner. 


Treatment Schedule. Animals were given intraperi- 
toneal injections of mAb 1A29 or irrelevant IgG1 as a 
single daily dose of 5 mg/kg every other day beginning 
3 days before the induction of labyrinthitis by inner ear 
KLH inoculations until painlessly sacrificed, with a 
total dose of 25 mg/kg of mAb administered. 


Electrophysiologic Testing. The hearing threshold 
of each ear was assessed by threshold measurement 
using ABR recordings before antigen challenge and 6 
days later, just prior to sacrifice. Animals were placed 
in a single-walled acoustic booth (Industrial Acoustics 
Co, Bronx, NY) on a heating pad. Click stimuli were 
generated by electrical square waves of 100 microsec- 
onds’ duration by a Grass S88 signal stimulator (Grass 
Medical Instruments, Quincy, Mass) at rates of 10/s. 
They were manually attenuated in 5 to 10 decrements 
with a Hewlett Packard attenuator (Hewlett Packard, 
Everett, Wash) and delivered to a Beyer DT 48 200-Q 
speaker fitted with an ear speculum for placement in the 
external auditory meatus. Subdermal electrodes were 
inserted at the vertex (active electrode), the mastoid 
(reference), and the back (ground). The potentials were 
amplified 1,000x with a Parc Model 113 preamplifier 
(EG&G); 512 responses were averaged by a 3561A 
dynamic signal analyzer (Hewlett Packard) and plotted 
on d 7550A graphics plotter (Hewlett Packard). 


Histology. Following the second ABR recording on 
day 6, animals were sacrificed under deep anesthesia by 
perfusion with phosphate-buffered 4% paraformalde- 
hyde. Thetemporal bones were dissected and immersed 
in the fixative at 4°C overnight. After decalcification 
with 10% ethylenediaminetetraacetic acid, they were 
processed for paraffin embedding. Sections (5 um) 
were cut at 40-um intervals parallel to the modiolus 
and stained with hematoxylin and eosin. To assess the 
severity of inf lammatory cell infiltration, the number of 
inflammatory cells, including PMNs, lymphocytes, 
and macrophages, was counted as follows. First, cells in 
the scalae tympani, vestibuli, and media were counted 
on 10 consecutive sections on both sides of the mid- 
modiolar section. Second, cells in the vestibular laby- 
rinth (saccule, utricle, and ampulla), the modiolus, the 
perineural tissue of the cochlear nerve, and the peri- 
saccular tissue of the endolymphatic sac were counted 
in all sections. The data were expressed as cell number 
per cross section. The severity of fibrotic change in the 
scalae tympani and vestibuli was assessed on a scale 
from 0 to +++. Scoring was performed arbitrarily as 
follows: 02 none; += occupying less than one fourth of 
the volume of the scalae; ++ = occupying one fourth to 
one half; and +++ = occupying more than one half. The 
incidence of endolymphatic hydrops in the cochlea was 
also examined. The measurements of fibrotic change 
andendolymphatic hydrops were performed in a blinded 
fashion by two independent observers. These histologic 
data were compared among KLH-challenged ears in 
aICAM-1-treated rats (n = 12), KLH-challenged ears 
in control IgG1-treated rats (n = 9), and PBS-injected 
ears in control IgG1-treated rats (n = 6). 


To gain better insight into the importance of cell- 
mediated immunity in this model, we estimated the 
relationship between inflammatory cell counts in the 
cochleaand hearing threshold shift by correlation analy- 
sis using the data from all animals. 


Experimental Design. The experimental design is 
summarized in Fig 1. 


RESULTS 


Effect of mAbs on Severity of Labyrinthitis. The 
KLH-challenged ears in irrelevant IgG1-treated (con- 
trol) animals showed a histopathology on day 6 nearly 
identical to that reported previously in rats^: lympho- 
cytes and macrophages were predominantly present in 
the scalae tympani and vestibuli and endolymphatic sac 
lumen, with PMNs being less common; lymphocytes, 
including plasma cells, were predominant in the modio- 
lar space, vestibular labyrinth, perineural tissue of the 
cochlear nerve, and perisaccular tissue; inflammatory 
cells were seen in the scala media of 1 animal; and mild 
to moderate fibrotic changes in the scala tympani or 
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KLH KLH KLH 
Immunization Booster Inner Ear Sacrifice 
Day -21 -7 -3 0 6 
ABR Serum ABR 


AA AK A 


alCAM-1 Administration 


Fig 1. Schema of experimental protocol. Days are indicated 
as those before or after operation. KLH — keyhole limpet 
hemocyanin, ABR — auditory brain stem response, oICAM- 
] — anti-intercellular adhesion molecule—1 antibody. 


scala vestibuli and/or endolymphatic hydrops were also 
observed in several cochleas. Only a scant number of 
cells were demonstrated in control PBS-injected inner 
ears. 


Three of 12 KLH-challenged ears in aICAM-1-— 
treated animals showed clear inhibition of inflamma- 
tory cell infiltration in every location of the inner ear, 
but in the remainder of the KLH-challenged ears, the 
infiltration was not completely inhibited. The composi- 
tion of inflammatory cells that did enter the inner ear 
was almost the same as in control animals. To quantitate 
these results, the numbers of infiltrating cells were 
counted in both the aICAM-1-treated and irrelevant 
IgGl-treated (control) animals (see Table). After treat- 
ment with @ICAM-1 mAb, cell counts were markedly 
reduced in almost every location of the inner ear exam- 
ined. These reductions were found to be statistically 
significant in the scala tympani (p « .002, r-test), the 
perineural tissue of the cochlear nerve (p « .01, r-test), 
and the perisaccular tissue of the endolymphatic sac 
(p « .05, t-test). As shown in the Table, the severity and 
incidence of fibrosis in the scala tympani and/or scala 
vestibuli and the incidence of endolymphatic hydrops 
inthe cochlea were not significantly altered by aoICAM- 1 
mAb treatment. 


Effect of mAbs on Hearing Threshold Shift. Aver- 


100 


No significance 


No significance 


75 


25 


dB above threshold, click 10 V 
z 





KLH PBS KLH PBS 


a ICAM-1 


Fig 2. Changeinhearingthresholdof control and aICAM- 1— 
treated rats. In x«ICAM- 1-treated group, significant eleva- 
tion in hearing threshold of KLH-challenged ear compared 
with phosphate-buffered saline (PBS)-injected side was 
not found. However, there was no statistical difference 
between wICAM-1-treated KLH ears and nontreated KLH 
ears. Values are mean + SD. 


Control 


ages of hearing threshold shift in KLH- and PBS-in- 
jected ears of both aICAM-1-treated and irrelevant 
IgG1-treated (control) animals are displayed in Fig 2. 
The PBS-injected ears experienced a 28- to 30-dB 
threshold shift on average in both aICAM-1-treated 
and control animals, which was attributed to surgical 
trauma. While, in control animals, the difference in 
threshold elevation between KLH-challenged (58.3 dB 
average) and PBS-injected ears was statistically signifi- 
cant (p < .05, t-test), in k«ICAM-1-treated animals, the 
threshold change caused by KLH challenge in the inner 
ear (40.5 dB average) was not statistically significant 
compared with the PBS-injected side. However, there 


INNER EAR HISTOPATHOLOGY IN alICAM-1-TREATED AND CONTROL ANIMALS 


PBS-Injected 
KLH-Challenged Side Side 

Control GI CAM-1 Control 

Histopathologic Parameter Location (n= 9) (n = 12) In) 
Inflammatory cell counts Scala tympani 22.13 1,91* 5.90 
Scala vestibuli 23.43 11.70 1.26 

Scala media 0.61 0.05 0.00 

Modiolus AUT 3.99 2.13 

Cochlear nerve 16.55 3.561 4.03 

Vestibular labyrinth 15.40 4.44 0.44 

Perisaccular space 96.67 29.408 25.28 

Fibrosis (0/+/++/+++) Cochlea (4/4/1/0) (8/3/1/0) (6/0/0/0) 
Endolymphatic hydrops (incidence) Cochlea 4/9 4/12 0/6 


olCAM-1 — anti-intercellular adhesion molecule-1 antibody, KLH — keyhole limpet hemocyanin, PBS — phosphate-buffered saline. 
Statistically significant reduction by t-test compared with control animals as follows: *p < .002; tp < .01; 8p < .05. 


wr’. 
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Cell counts 


Fig 3. Relationship between inflammatory cell counts in 
cochlea and hearing threshold shift. Weak but statistically 
significant correlation was present between them (r= .485, 
p « .05, r-test). Dots represent individual ears. 


was no statistical difference between the aICAM-1-— 
treated KLH ears and the irrelevant IgG1-treated KLH 
ears. 


Correlation Between Inflammatory Cell Counts and 
Hearing Threshold Shift. The data from all animals are 
scatter-plotted in Fig 3. A weak correlation (r = .485, 
p < .05, t-test) was found between cochlear cell counts 
and hearing threshold shift. 


DISCUSSION 


The mechanism of inner ear inflammation and dys- 
function induced by a secondary immune reaction 
against KLH in animal models is speculated to consist 
of a complex series of events. Following KLH chal- 
lenge in the perilymphatic space, anti-KLH antibody 
present in perilymph binds to the antigen, and the 
immune complexes are formed. This presumably trig- 
gers a variety of inflammatory processes, including the 
release of inflammatory mediators, which causes che- 
motaxis of PMNs and subsequent local tissue dam- 
age.!! Cytokines such as interleukin (IL)-1 released 
from macrophages that reside in the endolymphatic sac 
activate lymphocytes and up-regulate adhesion mole- 
cules such as ICAM-1.!3 The central role of the endo- 
lymphatic sac in antigen processing has been estab- 
lished, and its role may be in the subsequent release of 
ILs that amplify the inner ear immune response.!4 
Antigen binding cells leave the systemic circulation and 
enter the inner ear via the SMVs and CVs after they 
have taken on the appearance of HEVs. 


The importance of ICAM-1 in the generation and 


maintenance of inflammation has been elucidated in 
many experimental systems in which mAbs to ICAM- 1 
were shown to suppress a variety of inflammatory 
conditions.!> In the present in vivo study, we used the 
mAb against ICAM- 1 to assess the functional involve- 
ment of ICAM-1-dependent pathways in the experi- 
mental labyrinthitis model. We found that systemic 
administration of the mAb reduced the severity of 
inflammatory infiltration, especially inthe scalatympani 
and the perisaccular tissue of the endolymphatic sac; 
this finding suggests that ICAM-1 plays an important 
role in inner ear immunology. The reduced number of 
inflammatory cells in the perisaccular tissue also sug- 
gests that many of the cells at this site may be derived 
fromthe systemiccirculationthrough local postcapillary 
venules. 


While the inflammatory cell infiltration in the inner 
ear was reduced by the mAb, fibrosis and endolym- 
phatic hydrops were not. The mechanism of fibrosis in 
the inner ear is not clearly understood, but may be 
related to the release of local factors, once the inflam- 
mation is set up, and not necessarily linearly related to 
the number of cells. Endolymphatic hydrops in this 
animal model may be related to the local proliferation 
of inflammatory cells within the endolymphatic sac 
that causes absorptive dysfunction of the sac itself. 
Clearly, under the conditions used in this experiment, 
GICAM- 1 did not ameliorate these events. 


The effect of aICAM-1 mAb on experimental laby- 
rinthitis in the present study was not completely sup- 
pressive. This may be due to inappropriate timing of the 
administration of ICAM- 1. In vitro and in vivo studies 
have shown that the inhibition of the ICAM-1—LFA-1 
pathway blocks more than just leukocyte trafficking. 
Lymphocyte adherence to antigen-presenting cells for 
the generation and elaboration of antigen-specific T 
cells has also been shown to be dependent on the 
ICAM-1-LFA-1 pathway.!6 Thus, it is likely that our 
administration of mAb after systemic immunization 
and a booster of KLH was not effective in blocking 
antigen presentation, as this occurred earlier. It is pos- 
sible that earlier administration of mAb, before and/or 
during immunization and booster periods, could be 
more effective in inhibiting inner ear inflammation. 


Another possible explanation is that adhesion mol- 
ecule pathways other than ICAM-1—LFA-1 also play a 
role in the immune response of the inner ear. Cell 
adhesion of leukocytes has been elucidated to involve 
multiple receptor-ligand interactions, such as IC AM-2— 
LFA-1, vascularcell adhesion molecule-1 (VCAM-1)— 
very late activated antigen-4 (VLA-4), LFA-3-CD-2, 
B7-CD28, and CD44 and the selectin family.!’ The 
detailed distribution of expression of these adhesion 
molecules in the inner ear has not yet been reported, but 
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it is conceivable that some of these might play recipro- 
cal or functional roles in the inner ear. 


By correlation analysis, we found there is a relation- 
ship between the number of inflammatory cells in the 
cochlea and the hearing threshold, which is consistent 
with several previous studies showing the influence of 
inflammation on hearing.19.1? However, the correlation 
was weak, suggesting that some other immunologic 
factors may also be involved. The exact role of peri- 
lymph antibody concentrations has not been clearly 
defined, but it is most probable that administration of 
GICAM-1 did not alter 0-KLH perilymph concentra- 
tions. The variability between animals can be related to 
the tremendous variations seen in immunoresponsive- 
ness to KLH sensitization. Wide ranges of anti-KLH 
titers are routinely seen, and one would expect consid- 
erable variability in sensitized immunocompetent cells 
as well. In addition, the exact concentration of KLH 
remaining in the inner ear can vary due to some “back- 
wash" into the middle ear during inner ear inoculation. 
This is minimized by the removal of several microliters 
of perilymph prior to perfusion; however, this differ- 
ence in the exact quantity of KLH ultimately delivered 
to the scala tympani could introduce some interanimal 





variability. 

In summary, this study has demonstrated that pro- 
phylactic use of GaICAM-1 mAb reduces inner ear in- 
flammation induced by a secondary immune reaction 
against KLH in the rat, though not completely. There- 
fore, ICAM-1 appears to be involved in possibly some 
of several immunologic processes in the inner ear, 
including cell trafficking. In addition, the nature of the 
incomplete suppression should be a target for further 
investigation, and the finding of suppression of inflam- 
mation now requires further refinement in the delivery 
of this antibody to the inner ear. Timing, route, dosage, 
and antibody structure may all affect the efficiency of 
this mode of intervention and should be addressed in 
future studies. These initial results, however, are prom- 
ising and suggest that the immune response affecting 
the inner ear, as in other organ systems, may be subject 
to manipulation of immunoregulatory mechanisms. 
Furthermore, clinical trials of Gà41CAM-1 therapy have 
been started in several clinical areas, such as solid organ 
transplantation? and rheumatoid arthritis.2! The present 
results suggest the possibility that such a strategy can be 
applied to patients with inner ear inflammation and 
immune-mediated inner ear diseases. 
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CHANGES IN MYOSIN EXPRESSION IN DENERVATED LARYNGEAL 
MUSCLE 


JOHN M. DELGAUDIO, MD 
ATLANTA, GEORGIA 


JAMES J. SCIOTE, DDS, PHD 
PITTSBURGH, PENNSYLVANIA 


The effects of chronic denervation on the myosin heavy chain (MyHC) content and muscle fiber type composition of rat laryn- 
geal muscles are described. The posterior cricoarytenoid (PCA) and thyroarytenoid (TA) muscles were removed 3 weeks, 3 months, 
and 6 months after recurrent laryngeal nerve sectioning. Myofibrillar adenosine triphosphatase staining of cryostat sections was 
performed, and fiber type percentages were determined. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was used to 
separate MyHC isoforms, and densitometry was subsequently used for quantitative analysis. Unoperated animals served as controls. 
In the PCA muscle, denervation resulted in a progressive reduction in type I MyHC (the slow-contracting isoform) to an almost 
complete loss at 6 months, with a concomitant increase in type II MyHCs (fast-contracting isoforms, excluding type IIL). Type IIL 
MyHC (laryngeal-specific isoform) remained relatively constant up to 6 months after denervation. The myosin expression in the TA 
muscle, which contained only type II MyHCs, remained relatively constant with denervation. Changes in fiber type composition of 
the muscles described from tissue staining correlated with MyHC content. These findings in laryngeal muscle confirm the depen- 
dence of type I MyHC expression upon neural input, as has been found previously in limb skeletal muscles, Since the expression of 
all MyHCs except the IIL was modified after denervation in the PCA muscle, it is possible that the IIL isoform is maintained by 
factors that differ from those in the other skeletal myosins. 


KEY WORDS — adenosine triphosphatase, ATPase, denervation, laryngeal muscles, larynx, myosin, myosin heavy chains, 


vocal cord paralysis. 


INTRODUCTION 


The clinical effects of denervation are well known, 
including paralysis and atrophy of the affected 
muscles. In the case of recurrent laryngeal nerve 
(RLN) injury, this results in a hoarse and/or breathy 
voice, weak cough, and occasional aspiration. In the 
case of bilateral RLN paralysis, upper airway ob- 
struction may ensue. Many procedures have been 
used to treat vocal cord paralysis, including static 
and dynamic procedures. Despite the fact that much 
is known about the clinical effects and course of vocal 
cord paralysis, little is known about the changes that 
occur in the larynx at the muscle fiber level after 
denervation. 


From histochemical and immunohistochemical 
staining, several muscle fiber types have been iden- 
tified in mammalian skeletal muscle, including three 
fast-contracting fibers (types IIA, IIB, and IIX} and 
one slow-contracting fiber (type I).! Each fiber type 
homogeneously expresses a distinct myosin heavy 
chain (MyHC) isoform of the same name. Some fi- 
bers, however, coexpress these isoforms, and one 
example is the type IIC fiber, which contains both 
type I and JIA MyHCs.? Other tissue-specific fiber 
types have been identified, including type IIM (type 


II masticatory), found in the jaw-closing muscles of 
most carnivores and primates.? These fiber classifi- 
cations were first made due to differential reactivity 
of myosin isoforms for the myofibrillar adenosine 
triphosphatase (ATPase) histochemical stain,? which 
was followed later by immunohistochemical stain- 
ing with MyHC-specific antibodies.^ Concomitantly, 
MyHC protein species were separated by means of 
advances in sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE).5 


We previously found that the majority of fibers in 
rat posterior cricoarytenoid (PCA) and thyroary- 
tenoid (TA) muscles stain differently with histochem- 
istry and immunohistochemistry than skeletal fibers 
from limb muscle. The SDS-PAGE showed these fi- 
bers to contain, in addition to other type II isoforms, 
an unusual MyHC that we termed type IIL (type H 
laryngeal). It is likely that the IIL isoform is needed 
for the specialized functions of these muscles, as is 
the case for the ITM isoform of jaw-closing muscles. 
While much is known about the effects of denerva- 
tion in skeletal fibers of limb muscle, there is little 
information describing denervation in laryngeal mus- 
cles, especially given our recent identification of an 
atypical MyHC. The aim of this study was to de- 
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MYOSIN HEAVY CHAIN COMPOSITION AND FIBER TYPES 








Denervated Groups 





Control Group (4 mo) 3 mo 6 mo 

PCA muscle 

II MyHCs 68.44 + 1.66 68.13 + 2.64 74.68 + 2.14 86.52 + 11.19 

IIL MyHC 18.28 t 2.39 16.01 € 1.95 14.07 + 1.32 12.22 € 10.90 

I MyHC 13.28 £ 1.53 15.80 + 2.29 11.62 € 1.72 126t 2.82 
TA muscle 

II MyHCs 68.03 + 2.18 71.4 € 5.40 70.7 + 2.03 71.94 * S.01 

IIL MyHC 31.97 € 2.18 28.6 + 5.40 29.3 + 2.03 28.06+ 5.01 
PCA muscle 

I Fibers 11.5 t 2.14 9,72 € 1.55 9.38 + 0.47 4.35 t 1.27 

II Fibers 88.5 € 2.14 90.28 + 1.55 90.62 + 0.47 93:65 = 1.27 


Data are mean + SD. For numbers of subjects in groups, and statistical significance, see Fig 1. 
PCA — posterior cricoarytenoid, MyHC — myosin heavy chain (type II includes types ITA and/or IIX and type IIB), TA — thyroarytenoid. f 


scribe the effects of denervation on MyHC composi- 
tion and muscle fiber types in rat PCA and TA mus- 
cles. 


METHODS 


Male Sprague-Dawley rats weighing approxi- 
mately 450 g, under ketamine hydrochloride anes- 
thesia, underwent resection of either the left or right 
RLN, with removal of the portion between the tho- 
racic inlet and the thyroid gland. The proximal stump 
of the RLN was ligated with a 10-0 nylon suture and 
buried in the ipsilateral sternocleidomastoid muscle 
whenever possible to prevent spontaneous regenera- 
tion and reanastomosis of the nerve. This was per- 
formed with a binocular operating microscope and 
microsurgical instruments. The animals were then 
allowed to recover separately for 24 hours. 


At intervals of 3 weeks, 3 months, and 6 months, 
the animal groups underwent a second procedure. 
With ketamine anesthesia, a transhyoid pharyngot- 
omy was performed to visualize the vocal cords. If 
necessary, a midline epiglottic split and laryngofis- 
sure were performed for better visualization. Vocal 
cord movement and arytenoid movement were as- 
sessed to ensure that reinnervation had not occurred. 
Vocal cord or arytenoid movement was taken as a 
sign of reinnervation, and these animals were ex- 
cluded from the experimental group results. Electro- 
myography (EMQ) of the denervated TA muscles 
was then performed to ensure lack of reinnervation. 
Supraglottic stimulation was used to elicit glottic clo- 
sure during performance of the EMG. The EMG of 
some PCA muscles was performed at 3 and 6 months 
after denervation by performing a lateral pharyngo- 
tomy, entering the pyriform sinus, and rotating the 
larynx away from the control side. Those muscles 
with signs of polyphasic potentials were excluded 
from the results, due to the possibility of reinnerva- 


tion. In animals with possible signs of reinnervation, 
no definitive attempt was made to identify the source 
of reinnervation (1e, RLN stump versus adjacent mus- 
cle-to-muscle neurotization). The animals were then 
painlessly sacrificed .with an intracardiac injection 
of sodium pentobarbital. The PCA and TA muscles 
were removed, embedded in optimum cutting tem- 
perature (OCT) compound (Sakura Finetek, Inc, Tor- 
rance, Calif), frozen in isopentane cooled with dry 
ice, and stored at -60°C. Two groups of nondener- 
vated, age-matched controls were processed as ex- 
perimental animals at 4 and 6 months to confirm that 
no age-related changes in myosin expression were 
present. 


Histochemistry. Muscles were sectioned at 10 um 
and stained for myofibrillar ATPase activity after 
preincubation in buffer at pH 10.2, 4.6, and 4.3 as 
described by Brooke and Kaiser.? Muscle sections 
were evaluated by light microscopy. With a projec- 
tion microscope, all muscle fibers from each muscle 
were counted at pH 10.2 or 4.3, and the percentages 
of type I and II fibers were determined for each 
muscle. 


Myosin Heavy Chain Isoforms. After serial sec- 
tions were cut from the muscle block, the remainder 
of the muscle was analyzed by SDS-PAGE as previ- 
ously described. Gels were stained with silver,’ and 
densitometry was performed to determine the rela- 
tive percentages of myosin isoforms in each muscle. 
Gels for each muscle were run twice to ensure con- 
sistency of the MyHC isoform banding pattern. 


RESULTS 


Myosin Heavy Chains. The MyHC content was 
quantitated by densitometric scans of the gels. No 
age-related changes were found in the control rats. 
There were progressive reciprocal changes in the 
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expression of type I and II MyHCs (excluding type 
IIL) in the denervated PCA muscles, which first be- 
came apparent after 3 months, and progressed to al- 
most complete loss of the slow isoform at 6 months 
(see Table and Figs 1A and 2). This loss was accom- 
panied by an increase in skeletal type II MyHCs. 
The expression of type IIL MyHC decreased slightly 
during the experiment, but this change was signifi- 
cant only at 3 months after denervation. In the TA 
muscle, which does not contain type I MyHC, there 
were no significant changes in type II isoform con- 
tent with denervation (see Table and Fig 1B). 


Fiber Types. We have described the major fiber in 
PCA and TA muscles as type IIL. This fiber contains 
type II MyHCs found in other limb skeletal fibers 
(IIA and/or IIX, and IIB), as well as the recently iden- 


% Total Fibers 
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Fig 1. Myosin heavy chain (MyHC) composition and mus- 
cle fiber types of rat laryngeal muscles. Den. — denervated; 
n — number of subjects in group. A) MyHC composition of 
rat posterior cricoarytenoid (PCA) muscle. Black bar — type 
II MyHC (includes types IIA and/or IIX and type IIB); white 
bar — type IIL MyHC; gray bar — type I MyHC; * — p< 
.05 by x? analysis; ** — p < .001 by x? analysis. Standard 
error of mean (SEM) is <1.0 where not indicated by error 
bar. B) MyHC composition of rat thyroarytenoid muscle. 
Dark bar — type II (IIA and/or IIX and IIB) MyHC; white 
bar — type IIL MyHC. No significant differences on x? 
analysis. SEM < 1.0 where not indicated by error bar. C) 
Muscle fiber types in rat PCA muscle. Dark bar — type II 
fibers; white bar — type I fibers: ** — p < .001 on x? analy- 
sis. SEM « 1.0. 
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tified IIL MyHC.6 Previously, we confirmed that IIB 
and IIL MyHCs were present in these fibers, but the 
relative content of IIA and IIX is still uncertain, since 
our gel technique does not separate the IIX and IIA 
isoforms into distinct bands (Fig 2). A further uncer- 
tainty exists in that the extraocular muscle-specific 
myosin heavy chain (EOM MyHC) comigrates to 
the same position on SDS-PAGE as the IIL MyHC. 
The similarities and differences between these two 
protein species have yet to be determined. 


The PCA muscle, composed mostly of type IIL 
fibers with some type I and IIC fibers, expressed 
fewer type I and IIC fibers over time with denerva- 
tion. This change was most obvious at 6 months, 
where only a few darkly stained fibers were appar- 
ent with ATPase staining after preincubation at pH 
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Fig 2. Sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis of PCA muscles to separate MyHC isoforms 
(shown with arabic numerals). Lane | — soleus muscle; 
lane 2 — 4-month-old control PCA muscle; lane 3 — 
3-week denervated PCA muscle; lane 4 — 3-month de- 
nervated PCA muscle; lane 5 — 6-month denervated PCA 
muscle. Note reduction in type I MyHC band with pro- 
gressively longer periods of denervation, leading to ab- 
sence at 6 months. 


4.3 (see Table and Figs 1C and 3). There was no 
change in fiber type composition of the TA muscle 
with denervation, and no age-related changes were 
found in the two control groups. A few muscles 
showed signs of reinnervation on visualization or 
EMG. Figure 3D shows a PCA muscle that sponta- 
neously reinnervated and is histochemically similar 
to the control muscles. 


DISCUSSION 


The phenotypic expression of contractile proteins 
(ie, the muscle fiber types and related MyHC iso- 
forms) is determined by a complicated interplay of 
developmental, hormonal, and neurologic factors.® 
Although the frequency of &-motoneuron activity is 
the principal determining influence on MyHC ex- 
pression in skeletal fibers, androgenic hormones in 
jaw-closing muscle and thyroid hormone in cardiac 
muscle play key roles.? The influence of hormonal 
factors on myosin expression in specialized laryn- 
geal muscles in rats is not known, but has been de- 
scribed in ducks and frogs. Marked sexual fiber type 
differences in the sternotrachealis muscles in three 
species of ducks have been demonstrated.!9.1! It is 
reported that the mean fiber areas of each fiber type 
are always significantly larger in males, male Pekin 
ducks have an additional fiber type termed IIIA, and 
differences in fiber type are related to the effects of 


androgens on skeletal muscle function in sexual be- 
havior, as the sternotrachealis muscle is involved in 
vocalization. In the frog, Xenopus laevis, laryngeal 
muscle is sexually differentiated. Male fibers are en- 
tirely fast, and female fibers are predominantly slow. 
This differential sexual phenotype is regulated by 
androgens. There also exists a laryngeal-specific 
MyHC expressed in all male fast fiber types.!? Stud- 
ies in progress now are looking at sexual differen- 
tiation of laryngeal muscles in rats. 


The dependence of myosin expression on neural 
factors is best demonstrated by cross-innervation 
studies in which the nerves entering predominantly 
slow-twitch and fast-twitch muscles are crossed, re- 
sulting in type II MyHC expression in slow muscles 
and type I MyHC expression in fast muscles.!? Evi- 
dence also exists to show that the expression of slow 
(type I) MyHC and fast (type IIB) MyHC is most 
dependent on neural input for maintenance of ex- 
pression. For example, with long-term denervation, 
the rat diaphragm, a muscle of mixed fiber types, 
expresses a higher proportion of type II fibers rela- 
tive to type I,!^ and the soleus muscle, composed 
predominantly of type I fibers, converts to a nearly 
complete fast fiber-containing muscle.!? In limb 
muscles composed predominantly of type II fibers, 
long-term denervation results in a decrease in type 
IIB fibers and a proportional increase in IIA fibers.!® 


Similar changes occur in rat PCA and TA muscles 
after denervation. In the PCA muscle, a decrease in 
the percentage of type I MyHC was first evident 3 
months after denervation, and type I was essentially 
absent in muscles that were denervated for 6 months. 
This decrease in type I MyHC was accompanied by 
an increase in type II MyHCs, but since in this study 
our gels did not consistently separate the fast iso- 
forms into distinct IIA and/or IIX and IIB bands, we 
could not determine the relative ratio changes within 
these isoforms. The IIL isoform, however, was sepa- 
rated from type I and all the other type II MyHCs, 
allowing us to determine quantitative changes with 
denervation. Unlike other type II myosins, type IIL 
MyHC continues to be expressed at similar levels in 
the PCA muscle after denervation. So, in rat PCA 
muscle, type I MyHC is almost completely lost, type 
IIL MyHC remains relatively stable, and other type 
II MyHCs (as a group) increase. 


The fiber type composition change in PCA muscle 
correlated with the MyHC isoform change. With 
myofibrillar ATPase histochemical staining, there 
was an overall decrease in the percentage of type I 
fibers and an increase in type IIL fibers. 


The TA muscle contains only fast MyHC isoforms, 
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Fig 3. Myofibrillar adenosine triphosphatase staining of PCA muscles after preincubation at pH 4.3. A) Control PCA muscle 
(original x100). B) Three-month denervated PCA muscle (original x125). C) Six-month denervated PCA muscle (original 
x100). D) Spontaneously reinnervated PCA muscle 6 months after denervation (original x125). Type I fibers stain dark, and 
type II fibers stain light. Note decrease in number and intensity of darkly staining fibers with progressively longer periods of 
denervation. Reinnervated muscle (D) has darkly staining fibers as numerous and intensely staining as those of control (A). 


and there was no significant change in their relative 
percentages identified by SDS-PAGE after dener- 
vation. Due to the inconsistent separation of the type 
IIA and/or IIX and type IIB MyHC bands, changes 
in the percentages of these isoforms could not be 
determined. 


These results demonstrate the dependence of type 
I MyHC on neural input in the rat laryngeal muscles, 
and are similar to results of previous reports on sheep 
laryngeal muscles!? and rat limb skeletal muscle.!? 
This is further confirmed by the finding that in the 
few PCA muscles that became reinnervated sponta- 
neously, there was a conversion back to the pattern 
of MyHC isoform and fiber type expression found 
in control muscle (Fig 3D). Since the proximal stump 
of the RLN was buried in the sternocleidomastoid 
muscle at the initial procedure, it is probable that 
reinnervation occurred through neuronal sprouting 
from adjacent laryngeal muscles (1e, PCA). The pos- 
sibility of dislodgement and regeneration of the 
proximal stump cannot be ruled out, but is less likely, 


and attempts to identify the source of reinnervation 
were not performed. No statistical conclusions can 
be reached on those muscles found to be spontane- 
ously reinnervated, due to the limited data, but these 
muscles appear to revert back to normal (1e, nonde- 
nervated) myosin composition. Future studies to 
evaluate the effect of reinervation of laryngeal mus- 
cles are planned. 


Although we cannot describe the changes in the 
ratio of ITA, IIX, and IIB MyHCs in this study, it 
was demonstrated that type IIL MyHC continues to 
be expressed at about the same level with or without 
innervation. The lack of change in type IIL MyHC 
expression is different from the behavior previously 
described for the other type II MyHCS in limb skel- 
etal muscle following denervation. Type IIB MyHC 
usually decreases and type IIA (and possibly IIX) 
increases, but in rat laryngeal muscles type IIL 
MyHC is relatively constant. Given these prelimi- 
nary results, it is possible that non-neuronal factors 
are principally responsible for the expression of type 


DelGaudio & Sciote, Laryngeal Myosin 1081 


IIL MyHC, especially since there are examples of 
hormonal influence in other specialized branchio- 
meric muscles. For example, the o-cardiac MyHC 
in rabbit masseter muscle (an isoform usually found 
only in cardiac muscle) is regulated by the andro- 
genic hormone testosterone.? 


The laryngeal muscles carry out the specialized 
functions of respiration, airway protection, and pho- 
nation. As has been found in other specialized mus- 
cles, the laryngeal muscles express a unique MyHC 
that is likely responsible for their unique contractile 
characteristics. The data presented in this paper sup- 
port the maintenance of the type HL MyHC isoform 
in denervated laryngeal muscles, and the loss of type 
I MyHC. Maintenance of this isoform in the absence 
of an innervating nerve 1s an interesting characteris- 


tic, and may indicate that these muscles are geneti- 
cally coded to express this isoform, contrary to the 
reliance on neural input for the expression of type I 
MyHC. This phenomenon would hold promise for 
improved return of normal laryngeal muscle func- 
tion after reinnervation of individual muscles with 
non-native nerves (ie, nerves other than the RLN), 
if the muscles continue to express type IL MyHC. 


Further studies to determine the effects of chang- 
ing neural innervation to these muscles, as well as 
studies on hormonal influences, are needed. In fu- 
ture studies, we plan to investigate how reinnervating 
the laryngeal muscles with a non-native nerve in both 
sexes of rats will affect myosin expression, and 
whether type IIL MyHC remains unchanged in these 
cases. 
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TRANSECTION AND OCCLUSION OF LATERAL SEMICIRCULAR 
CANAL IN GUINEA PIGS 
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Audiologic and histopathologic examinations were made after occlusion of the lateral semicircular canal in eight guinea pigs. The 
lateral semicircular canal was drilled out, and then the canal lumens were plugged with muscle pieces. After a serial recording of auditory 
brain stem responses for 2 months, histologic specimens of the temporal bones were prepared in the lateral semicircular canal plane. One 
animal developed profound hearing loss due to suppurative labyrinthitis. The other seven animals showed no significant threshold elevation 
during this period. Histopathologic examination revealed that the bone defect on the lateral canal was replaced with newly formed bone; 
the perilymphatic and endolymphatic spaces maintained their compartmentalization; and the membranous endolymphatic canal healed to 
form complete blind ducts. These findings suggest that proper management of the injured semicircular canal is important for maintenance 


of postoperative hearing. 


KEY WORDS — auditory brain stem responses, blind ducts, histopathologic examination, lateral semicircular canal, transection and 


occlusion. 
INTRODUCTION 


Occlusion of the semicircular canals has been per- 
formed in experimental animals and recently in humans 
for the treatment of benign paroxysmal positional ver- 
tigo and of labyrinthine fistula, and for access in skull 
base surgery (see Table!-!4). The labyrinth, especially 
the semicircular canals, once considered inviolable, 
now can be manipulated without loss of hearing; how- 
ever, the mechanisms of hearing loss and hearing 
preservation in membranous labyrinthine injury are 
poorly understood. In order to understand these mecha- 
nisms, histopathologic study may be essential, but there 
has been a paucity of histopathologic support. The 
authors observed the histopathologic changes in guinea 
pig temporal bones in which the lateral semicircular 
canal had been transected and then occluded. 


MATERIALS AND METHODS 


Animals. Eight male and female Hartley guinea pigs 
with normal auditory brain stem responses (ABRs), 
weighing from 250 to 300 g, were used. The animals 
were raised and maintained in a conventional facility at 
Chungnam National University Hospital. 


Surgical Technique. The right side of the bulla was 
exposed laterally under general anesthesia with 50 mg/ 
kg of intraperitoneally injected ketamine hydrochlo- 
ride. The prominent portion of the lateral semicircular 
canal, just posterior to the facial canal, was transected 
by a surgical drill. From both sides of the transected 


canal lumens, free leakage of the inner ear fluid was 
observed, and with a pick, the lumens were plugged 
with harvested temporalis muscle pieces. 


Auditory Evaluation. The ABRs were obtained be- 
fore the operation and at 2, 5, and 10 days and 4 and 8 
weeks postoperatively. Sound stimuli (broad-band click, 
rarefaction phase, 11.29 Hz) were generated and deliv- 
ered by an audiometer equipped with an insert earphone 
(Quantum 84, Cadwell Laboratories Inc, Kennewick, 
Wash). The stimulus intensity at the tip of the sound 
delivery tube was biologically calibrated on nine healthy 
young human adults. Rectal temperature and oxygen 
saturation were monitored throughout the procedure. 
Thresholds were determined by attenuating the stimu- 
lus by 20-dB increments from 70 dB normal hearing 
level until the waveform was lost and then raising it by 
5-dB increments until the waveform appeared. 


Histopathology. After the final audiometric assess- 
ment, the animals were deeply anesthetized and per- 
fused intravitally with normal saline and Heidenhain- 
Susa fixative. The right-side temporal bones were re- 
moved, fixed, and processed as described by Schu- 
knecht.1? The specimens were embedded in celloidin 
and sectioned at 20 um. A section plane was chosen 
parallel to the plane of the lateral semicircular canal, 
because there could be some limitations with an ordi- 
nary horizontal or vertical section plane in observing the 
occluded portion of the canal. Every 10th section was 
stained with hematoxylin and eosin and examined 
microscopically. 


From the Department of Otolaryngology, Chungnam National University School of Medicine, Taejeon, South Korea. 
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301-040, South Korea. 
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Fig 1. Auditory brain stem response thresholds in experi- 
mental animals before and after occlusion of semicircular 
canal. 


RESULTS 


On gross inspection, all of the experimental animals 
demonstrated spontaneous nystagmus and right side- 





Fig 2. Histologic specimen of guinea pig 
temporal bone sectioned in lateral semi- 
circular canal plane (H & E). A) Low 
power (original x20). Note occluded lat- 
eral semicircular canal (LSC) and newly 
formed bone on surgical defect (arrows). 
B) High power (original x100). Note ne- 
crotic materials and newly formed bone in 
occluded canal lumen. Membranous en- 
dolymphatic canal forms complete blind 
duct. 
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down head-tilt postoperatively. The nystagmus disap- 
peared the next day, but the head posture persisted for 
3 to 4 days after surgery. 


Auditory Brain Stem Response. After the operation, 
the thresholds were increased by approximately 10 dB 
(mean) compared to the preoperative levels in seven 
animals. The increases were maintained throughout the 
whole postoperative observation period (Fig 1). The 
other animal revealed profound hearing loss on the 
10th-day ABR, and it was confirmed to have suppura- 
tive labyrinthitis on later histopathologic examination. 


Histopathology. The surgical defect of the lateral 
canal produced by drilling was replaced with newly 
formed bone. The perilymphatic and endolymphatic 
spaces maintained their compartmentalization without 
evidence of intercommunication (Fig 2A). The mem- 
branous endolymphatic canal formed two blind ducts 
with a continuous epithelial layer. Necrotic materials 
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Authors Date Subjects 
Money and Scott! 1962 Cats 
Parnes and McClure? 1985 Guinea pigs 
Palva and Ramsay? 1989 Humanst 
Parnes and McClure? 1990 Humans 
Parnes and McClure? 1991 Humans 
McElveen et al® 1991 Humans 
Pace-Balzan and Rutka? 199] Humans 
Anthony? 1991 Humans 
Molony et al? 1992 Humans 
Gjuric et al! 1992 Rabbits 
Hirsch et al}! 1993 Humans 
Kobayashi et al!2 1995 Humanst 
Kartush and Sargent? 1995 Humans 
Antonelli et ali4 1995 Guinea pigs 


CO2 — carbon dioxide. 
*Simultaneous plugging with bone chips. 
TCholesteatoma with deep labyrinthine fistula. 
$Mixed with fibrin glue. 


and newly formed bone were observed on both sides of 
the occluded canal lumen. The larger, smooth, margin- 
ated necrotic material appeared to be a muscle piece that 
had been used for the occlusion. The smaller, multiple 
materials seemed to come from bone chips that had 
been produced by drilling during transection of the 
canal (Fig 2B). The vestibular receptors and cochlea 
appeared normal. The one animal that had developed 
profound hearing loss revealed fibro-osseous oblitera- 
tion of the labyrinth. 


DISCUSSION 


The mechanism of hearing loss in membranous 
labyrinthine injury is poorly understood. Cochlear in- 
jury in membranous labyrinthine rupture appears to 
have mechanical and chemical effects.?6 The me- 
chanical effectis attributable to a widespread disruption 
of the membranous labyrinth, including capillary rup- 
ture, hemorrhage, and direct cellular damage. The 
chemical effectis one of massive perilymph-endolymph 
contamination that first occurs at the vestibule and 
spreads into the cochlea. 


Most occlusion techniques have been concerned 
with minimizing the risk of labyrinthine trauma by use 
of more conservative methods (see Table). Parnes and 
McClure? performed occlusion of the posterior semi- 
circular canal after fenestration of the bony canal to 
avoid tearing the membranous endolymphatic canal. 
Gjuric et al! attempted perfusion of fibrin glue for 


Techniques and Materials 


Transection* 
Puncture* + bone wax 
Fibrin glue and fascia 


Puncture* + fibrin glue and fascia; fenestration + bone 
paste + bone wax + fascia 


Fenestration + bone paste§ + fibrin glue and fascia 
Fenestration + bone wax 


Fenestration + bone paste§; fenestration + periosteum + 
bone paste§ + fibrin glue and fascia 


Blue-lining + argon laser 
Transection + fascia, or bone wax and fascia 


Fenestration + perichondrium or fibrin glue; fenestration + 
fibrin glue + transection + perichondrium; fenestration + 
bone paste§ + transection 


Fenestration + bone paste§ or bone wax 
Fascia, perichondrium, bone chips, or cartilage 


Fenestration + CO2 laser + fascia and bone chips + 
autologous blood 


Fenestration + bone wax + fascia; blue-lining + CO2 laser 
+ bone wax + fascia; blue-lining + CO2 laser + fascia 


occlusion of the perilymphatic and endolymphatic 
spaces. Anthony? tried to avoid mechanical occlusion 
by partitioning the posterior canal using a laser. Kartush 
and Sargent!3 and Antonelli et al!4 used a laser prior to 
mechanical plugging of the canal to obtain atraumatic 
occlusion. Depending on the surgical techniques and 
materials used for occlusion, the postoperative hearing 
was different in each study. 


In this study, there was a comparable hearing result 
with these conservative occlusions in spite of the ac- 
companying membranous labyrinthine rupture. The 
postoperative nystagmus and head position change, 
which revealed chemical and mechanical injury of the 
vestibular labyrinth by transection of the lateral semi- 
circular canal, didnot last long. Although these inner ear 
injuries with membranous endolymphatic canal rup- 
ture were predicted to be more serious than those of 
other conservative occlusions, they should not have 
significantly affected the cochlear and vestibular recep- 
tors. In fact, the interruption of the lateral semicircular 
canal did not affect the endocochlear DC potential or 
compound action potentials (CAPs) recorded in the 
scala media of guinea pigs, or the CAP of humans." 
This indicated that the labyrinthine fluid system of the 
cochlea was relatively independent of that of the ves- 
tibular labyrinth during transection of the semicircular 
canals. We feel that the profound hearing loss that fol- 
lows membranous endolymphatic canal rupture might 
be a result of permanent fistulization between the 
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endolymph and perilymph,’ rather than a result of 
injuries that occur during transection of the canal. 


The mechanism of hearing preservation in membra- 
nous labyrinthine injury still remains unresolved. 
Jahrsdoerfer et al!? addressed the valvular function of 
the utriculoendolymphatic valve, which could prevent 
the collapse of the pars inferior (cochlea and saccule) in 
a sudden decompression of the endolymphatic system 
by rupture of the pars superior (utricle and semicircular 
canals). Canalis et al!® believed that the local changes 
occurring in the injured semicircular canals were im- 
portant. The sudden loss of the endolymph and support- 
ing structurecollapsed the membranous endolymphatic 
canal and sealed its torn ends. As an explanation of 
hearing preservation in acoustic neuroma surgery ac- 
companied with semicircular canal injury, Tatagiba et 
al? proposed that incidental closure of an opened canal 
by bone fragments may occur during drilling, thereby 
preventing endolymphatic leakage. 


In this study, the ruptured membranous endolym- 
phatic canal healed to form blind ducts. In regard to 
healing of the membranous labyrinth, there is some 
evidence that endolymphatic membrane ruptures heal 
in experimental animals?9?! and humans.7223 Healing 
may be by epithelial proliferation? or fibrous reattach- 
ment of the endolymphatic membrane?9; however, 


these healing processes may require a long time, wait- 
inguntilthe communication between the perilymphatic 
and endolymphatic spaces is closed. In this study, it is 
likely that the ruptured and then collapsed endolym- 
phatic canal (Canalisetall9) was externally compressed 
and sealed off by the introduction of muscle pieces into 
the bony canal lumens, which thereby formed blind 
ducts. The immediate interruption of the communica- 
tion between the endolymphatic and perilymphatic 
spaces could have prevented a profound hearing loss 
following the membranous labyrinthine rupture. The 
functions of the utriculoendolymphatic valve and the 
hydrodynamic change in the labyrinthine fluid system 
during transection of the semicircular canal are unclear, 
and histopathologic studies at various stages of occlu- 
sion are now under way. 


In summary, we formed blind ducts in a ruptured 
membranous endolymphatic canal by plugging of the 
bony semicircular canal lumens. The occlusion of the 
injured semicircular canal, by preventing fistulization 
between the endolymph and perilymph, might be an 
effective method in preserving postoperative hearing. 
Fora better understanding of the mechanism of hearing 
preservation and the development of safer and more 
reliable techniques for the treatment of labyrinthine 
injury, further experimental studies are required. 
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AUDITORY EVOKED RESPONSES UNDER TOTAL SPINAL 
ANESTHESIA IN RATS 
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In order to investigate the function of the auditory pathway from the cochlea to the brain stem under total spinal anesthesia, the auditory 
brain stem response (ABR), compound action potential of the cochlear nerve (CAP), and cochlear microphonics (CM) were simultaneously 
recorded in rats. Total spinal anesthesia was induced by infusion of 2% lidocaine hydrochloride at a constant rate of 0.10 mL/min into the 
cerebrospinal fluid through the rats’ skulls. The ABR completely disappeared within 1.5 to 4 minutes. After cessation of the injection, the 
ABR reappeared, starting from wave I and progressing through waves II and III to wave IV. The latency change of the CAP throughout the 
recording period was quite similar to that of wave I of the ABR. A reduction in amplitude of the CM was observed, but the CM did not 
disappear during the recording period. Disappearance of the ABR was due, not to loss of cochlear function, but to anesthetic effects on the 
acoustic nerve and the brain stem. Monitoring of the ABR provided information on the level of neural activity in the brain stem under total 


spinal anesthesia. 


KEY WORDS — auditory brain stem response, cerebrospinal fluid, cochlear microphonics, compound action potential, lidocaine. 


INTRODUCTION 


Under spinal orepidural anesthesia, accidental spread 
of a high dose of the anesthetic to the brain induces loss 
of consciousness and respiratory arrest. This is called 
total spinal anesthesia. During this accident, neural 
activity in the brain stem is severely suppressed. How- 
ever, no methods to monitor the neural activity of the 
brain stem under total spinal anesthesia have been 
available. 


Auditory brain stem response (ABR) is one of the 
most useful tests for evaluating the neural activity ofthe 
brain stem. Previously, we studied the ABR in a rat 
model of total spinal anesthesia.! A catheter designed 
for human epidural anesthesia was inserted to the sub- 
arachnoid space through the skull at the top of the rat’ s 
head, and 296 lidocaine hydrochloride was injected 
through the catheter at a constant rate of 0.10 mL/min. 
The ABR disappeared within 4 minutes, and disappear- 
ance started with later waves (eg, wave IV) ofthe ABR. 
After cessation of the lidocaine injection, the ABR 
progressively reappeared and recovered from wave I to 
wave IV. These results demonstrated that the effect of 
lidocaine on the ABR was reversible and extended from 
the acoustic nerve to the midbrain (mesencephalon). 


However, the results of our previous study did not 
clarify whether the disappearance of the ABR was due 
to neural conduction blocks in the acoustic nerve and 


the brain stem or to some effect on the cochlea, since a 
loss of cochlear function results in disappearance of the 
ABR. Using the same rat model, we therefore moni- 
tored the cochlear microphonics (CM) and compound 
action potential of the cochlear nerve (CAP), as well as 
the ABR, and studied the effect of lidocaine in the 
cerebrospinal fluid (CSF) on the auditory pathway 
from the cochlea to the brain stem. 


MATERIALS AND METHODS 


Ten male Wistar rats with normal Preyer’s reflexes 
and weighing 200 to 250 g (mean 214 g) were used. 
Each rat was intraperitoneally anesthetized with 50 mg/ 
kg pentobarbital sodium. After tracheotomy, the rat 
was artificially respirated. The rat' s head was fixed in a 
stereotaxic holder, a small hole was drilled in the top of 
the skull, and the dura mater was incised. A catheter 
designed for human epidural anesthesia was inserted 
into the subarachnoid space. Leakage of CSF was pre- 
vented by bonding. A postauricular incision was made 
on the right, and the bulla was exposed from the dorsal 
side. A small Teflon-insulated silver ball electrode was 
placed in the round window niche through a small hole 
made in the bulla under a microscope. Needle elec- 
trodes were inserted through the skin at the vertex, right 
mastoid, and neck. 


The ABR was recorded through the needle electrode 
at the vertex, and the CAP and the CM were recorded 
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Fig 1. Schematic of experimental setup. 


through the silver ball electrode in the round window 
niche. Needle electrodes at the right mastoid and the 
neck were used as the reference and ground, respec- 
tively. 


We performed all recordings of auditory evoked 
potentials in an electrostatically shielded, soundproof 
room. An acoustic stimulator (Audible signal controller 
DA-505, DANA Japan Co), a recorder of evoked 
potentials (Neuropack 8 MEE-4108, Nihon Kohden 
Co), and a respirator (model SN-480-7, Shinano Co) 
were placed outside the room. Auditory stimuli were 
delivered viaanearphone (AD-05, Rion Co) placed 120 
cm from the right auricle of the rat (Fig 1). 


Auditory stimuli were 3-kHz short tone bursts pre- 
sented at a rate of 10/s. The rise, fall, and plateau times 
were 1 millisecond each, with a total duration of 3 
milliseconds. The waves of the ABR, CAP, and CM 
were simultaneously obtained by averaging 200 re- 
sponses in the following way. During recording, the 


ABR 
i 


polarity of the sound was reversed when 100 responses 
were averaged. Then the remaining 100 responses were 
averaged. The ABR and CAP were obtained by an 
addition of the former averaged 100 responses to the 
remaining averaged 100 responses. The CM was ob- 
tained by a subtraction of the two. The filter bandwidth 
was 100 to 5,000 Hz. 


As 2% lidocaine was suitable for injection into rat 
CSF,! 2% lidocaine solution was injected through the 
catheter at a constant rate of 0.10 mL/min (lidocaine 
hydrochloride 2.0 mg/min). The ABR was recorded 
every 30 seconds during the lidocaine injection. We 
stopped the injection as soon as the ABR disappeared. 
The time at the end of the injection was defined as time 
0. After the lidocaine injection, simultaneous record- 
ings of the ABR, CAP, and CM were taken every 5 
minutes until 30 minutes after the injection, and there- 
after every 15 minutes until the rat recovered from the 
total spinal anesthesia. (This took 100 to 145 minutes 
forthe 10 rats.) Rectal temperatures and heartrates were 
monitored, and the temperature was maintained within 
0.5°C throughout the recording period by means of a 
heat pad. Control waves for each rat were recorded just 
prior to the lidocaine injection. 


No more than 4 major vertex-positive components of 
the ABR could be consistently and reliably identified in 
all rats. As in previous reports,?? the positive compo- 
nents were labeled waves I to IV. Amplitudes of waves 
ItoIV and the CAP were measured from a positive peak 
to the following trough. The amplitude of the CM was 
measured at the middle of the wave. Statistical differ- 
ences were evaluated with the paired t-test. 
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Fig2. Changein À) auditory brain stem response 
(ABR) and B) compound action potential (CAP) 
in rat 1. As earphone was placed 120 cm from 
auricle, sound reached rat's ear at about 3.5 
milliseconds (ms) after start of recording. 
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Fig 3. Peak latencies of waves I to IV. Circles represent 
average values for at least 6 rats. Upper and lower bars 
represent £1 SD. Asterisks indicate significant differences 
in peak latencies between successive recording times: ** — 
p<.01; * —p«.05. 


After the experiment, the rat was perfused with 10% 
formaldehyde and the cranial bone was removed. The 
bone was fixed in 1096 formaldehyde, decalcified, and 
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Fig 4. Percent amplitudes of wave II with reference 
to control values. Circles represent average values 
for at least 6 rats, and upper and lower bars represent 
+] SD. Asterisks indicate significant differences in 
amplitudes between successive recording times (p « 
.05). 


% amplitude of wave II with reference to each control value 





embedded in celloidin. Serial horizontal sections were 
made at 20 um, and every 10th section was stained with 
hematoxylin-eosin. We examined the labyrinth under a 
light microscope. 


RESULTS 


In a preliminary experiment, we injected 0.50 mL of 
saline through the catheter at a constant rate of 0.10 mL/ 
min in 3 control rats. The saline injection failed to 
induce any changes in peak latencies or amplitudes of 
wavesItoIV and the CAP, or in amplitudes of the CM. 


The ABR disappeared on constant injection of 2% 
lidocaine into the CSF. The dose of the 2% lidocaine 
solution required to cause total disappearance of the 
ABR ranged from 0.15 mL (total dose of injected 
lidocaine hydrochloride 3 mg) to 0.40 mL (8 mg) in the 
10 rats, taking from 1.5 to 4.0 minutes for the injection. 
The total dose of lidocaine hydrochloride per unit 
weight ranged from 15.0 to 38.1 mg/kg (mean 24.8 mg/ 
kg). Disappearance of the ABR started with wave IV 
and progressed through waves III and II to wave I. The 
process of disappearance of the ABR was described and 
illustrated in our previous report.! 


Aftercessation of the injection, the waves ofthe ABR 
progressively reappeared and recovered, from wave I 
to wave IV. The reappearance time and the latency 
change of the CAP throughout the recording period 
were quite similar to those of wave I of the ABR. Fig- 
ure 2 shows the change in the ABR and the CAP 
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Fig 5. Change in cochlear microphonics (CM) in rat 1. As 
earphone was placed 120 cm from auricle, sound reached 
rat's ear at about 3.5 ms after start of recording. Wave 
during 3.5 to 6.5 ms of recording shows CM. Wave at first 
3 ms of recording is electromagnetic wave originating from 
earphone (stimulus artifact). 


throughout the recording period in rat 1. Wave I of the 
ABR and the CAP reappeared 20 minutes after the end 
of injection. Thereafter, waves IT, III, and IV ofthe ABR 
reappeared, in that order. At 135 minutes after the 
injection, each waveform of the ABR and the CAP 
approximated those of the controls. 


Wave I of the ABR and the CAP reappeared 5 to 20 
minutes after injection in all 10 rats. Thereafter, waves 
II, III, and IV of the ABR reappeared, in that order. The 
reappearance times in 6 or more rats were 15 minutes 
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for wave I (CAP), 30 minutes for wave II, 60 minutes 
for wave III, and 75 minutes for wave IV. The averages 
of the peak latencies of the ABR waves are shown in Fig 
3. The latencies of each wave shortened with time, and 
were close to the control values at the time of the final 
recording. 


The amplitudes of waves I to III and the CAP had a 
tendency to increase with time, but they varied in the 10 
rats. Wave II had the largest amplitude among all the 
ABR waves, and also showed significant statistical 
differences in amplitude between successive recording 
times. Figure 4 shows the mean amplitudes of wave II 
throughout the recording period. The mean amplitude 
of wave I increased with time, and was almost the same 
as that of controls 105 minutes after the injection. The 
amplitude of wave IV exhibited the widest variation in 
the 10 rats and showed no tendency to increase with 
time. 


Throughout the recording period, the CM did not 
disappear in any rat. Figure 5 shows the change in the 
CM inrat 1. The amplitude of the CM decreased, and the 
minimal amplitude was observed 5 minutes after the 
injection. The CM recovered with time. The percent 
amplitude change of the CM with reference to each 
control value in 10 rats is shown in Fig 6. The mean 
percent amplitude of the CM was about 60% that of the 
control at O minute, and was minimal, at about 35%, at 
5 minutes. Thereafter, it gradually recovered. 


Histologic studies revealed no obvious findings in 
the cochlea (Fig 7 À). Red blood cells were observed in 
the cochlear aqueduct and the perilymph (Fig 7B). 


DISCUSSION 


The injection of a lidocaine solution into the CSF 
results in an elevation of the intracranial pressure that 
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Fig 6. Percent amplitudes of CM with reference to 
control values. Circles represent average values for 
10 rats, and upper and lower bars represent +1 SD. 
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Fig 7. Horizontal sections of temporal bane of rat 1. A) Middle turn of cochlea (original x150). B) Cochlear aqueduct (asterisk) and 
perilymph (original x100). Arrow indicates round window membrane. Arrowheads indicate red blood cells in aqueduct and 


perilymph. 


causes deterioration of the ABR* or the CM? Allen et 
al® reported that a decrease in amplitude of the CM 
observed under conditions of increased intracranial 
pressure was due to a mechanical effect produced by 
increased perilymphatic pressure. Results of our previ- 
ous experiment! showed that injection of less than 0.60 
mL of saline into the CSF at a constant rate of 0.10 mL/ 
min did not produce intracranial pressure elevation 
sufficient to cause deterioration of the ABR in rats. A 
saline injection of 0.50 mL also failed to induce any 
changes in the amplitude of the CM. Therefore, the 
changes of the ABR, CAP, and CM in the present study 
should have been caused by the pharmacologic effects 
of 2% lidocaine in the CSF. 


The change in the ABR evoked by click stimuli and 
the dose of 2% lidocaine solution required for total 
disappearance of the ABR in the present study were 
almost the same as those in the previous study.! This 
consistency indicates that the change in ABR in the rat 
model of total spinal anesthesia is reliable and almost 
the same regardless of whether stimuli are clicks or 3- 
kHz short tone bursts with a rise time of 1 millisecond. 


Lidocaine in the CSF may infiltrate the cochlea via 
one or more of three possible routes: 1) through vessels, 
2) through the fundus of the internal auditory meatus 
and Rosenthal's canals, and 3) through the cochlear 
aqueduct. 


When a therapeutic dose of intravenous lidocaine is 
injected into the CSF, the CM does not change. In 
guinea pigs, the amplitude of the CM did not change 
with a high dose (20 mg/kg) of lidocaine hydrochlo- 
ride administered intravenously, whereas deterioration 
of the ABR or the CAP was observed.’ The dose of 
lidocaine hydrochloride per weight administered intra- 
venously’ was almost the same as that injected into the 
rats’ CSF in the present study (24.8 mg/kg). These 
findings together indicate that the change in the CM in 


the present study was not due to effects of lidocaine that 
infiltrated the blood from the CSF. 


In human temporal bone studies, red blood cells are 
sometimes observed in Rosenthal's canals of the mo- 
diolus after subarachnoid hemorrhage. These cells en- 
ter Rosenthal's canals through the fundus of the internal 
auditory meatus. Therefore, it is likely that lidocaine in 
the CSF in the internal auditory meatus infiltrates the 
area around the spiral ganglion cells. However, it is not 
certain that lidocaine in the CSF infiltrates the hair cells 
in the organ of Corti through this route, or that it affects 
the CM. 


The subarachnoid space communicates with the 
perilymphatic space through the cochlear aqueduct. 
The cochlear aqueduct of rats is larger than that of 
humans. In the histologic study, many red blood cells 
were observed in the cochlear aqueduct (Fig 7B). These 
cells likely originated from bleeding at the incision of 
the dura mater. This finding, therefore, indicates that 
lidocaine injected into the CSF entered the perilym- 
phatic space of the cochlea through the aqueduct. 


There have been some reports? that lidocaine appli- 
cation onto the round window produced a temporary 
decrease in the amplitude of the CM and the CAP. They 
suggested that lidocaine entered the peril ymphatic space 
through the round window membrane and directly 
affected the cochlear function. In the present study, the 
effect of lidocaine on the CM was also reversible and 
was maximal 5 minutes after the injection. The change 
in the CM was very similar to that observed in previous 
studies of lidocaine application to the round window. 
This finding suggests that lidocaine entered the laby- 
rinth through the cochlear aqueduct and imperfectly 
affected the electrophysiologic activities of the cochlea. 


The CM did not disappear during the recording 
period, even when the ABR and the CAP disappeared. 
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Our result indicate that disappearance of the ABR was 
due, not to loss of cochlear function, but to anesthetic 
effects on the acoustic nerve and the brain stem. The 
results also indicate that lidocaine in the CSF affected 
the auditory pathway fromthe cochlea to the brain stem. 


Each rat in the present study exhibited transient, 
regular bradycardia after lidocaine injection. Thereaf- 
ter, the pulse gradually increased and returned to the 
preinjection level at 30 to 60 minutes. Each rat recov- 
ered from the total spinal anesthesia and began to move 
by 100 to 145 minutes after the injection. These obser- 
vations suggest that the depth of anesthesia paralleled 
the deterioration of the ABR. Moreover, the disappear- 
ance of ABR waves from IV to I and the reappearance 
from I to IV, in that order, suggest that the early 
component, ie, wave I, was observed at a light level of 
anesthesia. Monitoring of the ABR, therefore, enables 
determination of the level of total spinal anesthesia in 
this model. 


For the rat ABR, it has been demonstrated that the 
origin of wave I is the acoustic nerve and that of wave 
IV is the inferior colliculi.? Changes of waves I to IV in 
rats correspond with those of waves I to V or VI in 
humans. But it may be difficult to perfectly apply the 
present results to clinical total spinal anesthesia, since 
there are anatomic differences in the subarachnoid 
spacebetweenrats and humans, and because the method 
of lidocaine injection and the dose of lidocaine admin- 
istered are different between this model and clinical 
anesthesia. However, the present results demonstrate 


that monitoring of the ABR appears to provide informa- 
tion on the level of neural activity in the brain stem 
under clinical total spinal anesthesia. We hope to moni- 
tor ABRs more actively in a clinical situation. 


CONCLUSIONS 


We injected 2% lidocaine into the subarachnoid 
space of 10 rats and monitored the ABR, CAP, and CM. 


1. The ABR and CAP completely disappeared dur- 
ing the injection, and then reappeared progressively 
after cessation of the injection. 


2. A reduction in amplitude of the CM was ob- 
served, but the CM did not disappear when the ABR and 
the CAP disappeared. 


3. The auditory pathway from the cochlea to the 
mesencephalon was affected by lidocaine, and the 
effect was reversible. 


4, The reduction in amplitude of the CM suggested 
that lidocaine entered the labyrinth through the cochlear 
aqueduct and affected the electrophysiologic activity 
of the cochlea. 


5. The disappearance of the ABR was due, not to 
loss of cochlear function, but to the anesthetic effect on 
the acoustic nerve. 


6. Monitoring of the ABR provided information on 
the level of neural activity in the brain stem under total 
spinal anesthesia. 
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IMAGING CASE STUDY OF THE MONTH 


IATROGENIC PSEUDOANEURYSM OF THE INTERNAL 
CAROTID ARTERY 
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INDIANAPOLIS, INDIANA 


INTRODUCTION 


A mass arising in the carotid space (poststyloid 
parapharyngeal space) can be neurogenic, vascular, or 
lymphatic in origin. The most frequent masses are 
schwannomas, paragangliomas, and lymphadenop- 
athy.!-3 Aneurysms of the extracranial internal carotid 
artery (ICA) are rare, but should also be considered in 
the differential diagnosis of carotid space lesions. We 
report a case of an ICA pseudoaneurysm and present 
the interesting computed tomography (CT) and mag- 
netic resonance imaging (MRI) appearance. This le- 
sion presumably occurred as a result of an aspiration to 
rule out a peritonsillar abscess or as a result of the 
subsequent tonsillectomy. No ICA pseudoaneurysms 
have been previously reported in the English-language 
literature as a complication of these procedures. 


CASE REPORT 


A 24-year-old woman was referred to the otolaryn- 
gology service from an outside institution for evalua- 
tion of a densely calcified left neck mass discovered 
incidentally on facial radiographs obtained after the 
patient was hit in the jaw by her young son. Neck CT 
showed a 2-cm densely calcified left carotid space 
mass. There was no clear distinction between the mass 
and the adjacent ICA (Fig 1). Then MRI showed the 
mass directly adjacent to the ICA. The mass was 
hypointense on Tl-weighted images and showed no 
contrast enhancement. The lesion was hyperintense on 
T2-weighted images despite the dense calcification 
(Fig 2). Magnetic resonance angiography did not defi- 
nitely show an aneurysm. However, there was a stellate 
appearance of the ICA adjacent to the calcified lesion 
on the source images that was highly suspicious for a 
carotid origin of the calcified mass. Subsequent con- 
ventional angiography showed the lesion to be a mostly 
thrombosed pseudoaneurysm arising from the distal 


cervical ICA (Fig 3). 


The patient had been treated at an outside institution 
for an episode of severe tonsillitis 3 years previously. 
Peritonsillar aspiration with a needle and syringe, with- 
out imaging guidance, was performed at that time to 
exclude a peritonsillar abscess. The aspirate reportedly 
did not yield pus or blood. Four weeks later, the patient 
underwent an uncomplicated tonsillectomy. Her past 
medical history was also significant for a positive 
purified protein derivative (PPD) skin test for which she 





Fig 1. Contrast-enhanced computed tomography shows 
densely calcified lesion in left parapharyngeal space (ar- 
row) that is not clearly distinct from adjacent internal 
carotid artery (arrowhead). There was no change in attenu- 
ation in lesion between noncontrasted (not shown) and 
contrasted studies. 


From the Division of Neuroradiology, Department of Radiology (Caldemeyer, Mathews), and the Department of Otolaryngology (Ri ghi), Indiana 


University School of Medicine, Indianapolis, Indiana. 


CORRESPONDENCE — Karen S. Caldemeyer, MD, Indiana University School of Medicine, University Hospital, Rm 0279, 550 N University Blvd, 


Indianapolis, IN 46202-5253. 


1093 


1094 Caldemeyer et al, Imaging Case Study of the Month 





Fig 2. Magnetic resonance imaging. A) T1-weighted (700/11 [repetition time/echo time]) image shows hypointense lesion 
adjacent to internal carotid artery. B) On fast spin-echo T2-weighted (4,800/102) image, lesion is markedly hyperintense 


despite dense calcification seen on computed tomography. 


had been treated with 6 months of isoniazid. Multiple 
chest radiographs were normal. The patient denied a 
history of significant trauma, intravenous drug abuse, 
history of malignancy, or personal or family history of 
neurogenic or vascular tumors. Findings of a compre- 
hensive head and neck examination were unremarkable. 


The clinical management of this rare problem was 
determined by multiple factors and involved input from 





Fig 3. Nonsubtracted view from digital subtraction angio- 
gram confirms that lesion is mostly thrombosed pseudo- 
aneurysm. There is small residual patent lumen projecting 
from anteromedial aspect of internal carotid artery (arrow- 
head) into dense calcification (arrows). 


departments of otolaryngology, neurosurgery, and vas- 
cular surgery. The patient was neurologically intact and 
had no evidence of ischemic symptoms due to embo- 
lization from the pseudoaneurysm. The patent lumen of 
the false aneurysm was very small and had a relatively 
smooth contour. The risk of aneurysm rupture was felt 
to below due to the dense calcification. In addition, the 
location of the lesion near the skull base would require 
extensive operative exposure and place multiple cranial 
nerves at risk. In view of the low risk of aneurysm 
rupture or embolization, the patient was treated with 
systemic anticoagulation rather than surgery. She re- 
mains asymptomatic 1 year after diagnosis. 


DISCUSSION 


A false aneurysm, or pseudoaneurysm, is a pulsating 
hematoma that occurs following injury to all layers of 
the arterial wall. The center of the hematoma liquefies 
and contains flowing blood that communicates with the 
arterial lumen, while the periphery of the hematoma 
clots, forming the wall of the aneurysm.^ Pseudo- 
aneurysms may occur due to blunt or penetrating trauma 
or infection.* Iatrogenic pseudoaneurysms have been 
reported after a variety of surgical procedures and may 
be caused by needle puncture for catheter placement 
and biopsy.^5? Nontraumatic extracranial carotid ar- 
tery aneurysms are extremely rare. Weissman et al? 
reported two patients with carotid sheath masses that 
were found to be aneurysms at surgery. 


Complications of pseudoaneurysms include rupture, 
local mass effect, embolization, and arteriovenous fis- 
tula.5^ Pseudoaneurysms may spontaneously throm- 
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bose.? Treatment of carotid pseudoaneurysms is aimed 
at maintaining parent vessel flow and preserving neu- 
rologic function. Therefore, surgical excision or endo- 
vascular thrombosis of the pseudoaneurysm is prefer- 
able. Parent vessel occlusion or ligation may be done 
When repair is not possible due to uncontrollable hem- 
orrhage, if the lesion is in a surgically inaccessible site, 
or with coexistent infection. Small pseudoaneurysms 
may be managed by anticoagulation alone.^ 


Ourpatient most likely developed a pseudoaneurysm 
ofthe ICA due to inadvertent puncture and injury of the 
vessel during peritonsillar aspiration. The pseudo- 
aneurysm was directly adjacent to the tonsillar fossa 
and corresponded to the likely track of needle puncture. 
Alternatively, the arterial wall could have been dam- 
aged during tonsillectomy. Although our patient is 
PPD-positive, and tuberculosis can cause aneurysms,’ 
the patient showed no evidence of pulmonary or sys- 
temic tuberculosis at any time; hence, this is a very 
unlikely cause of the pseudoaneurysm. There was no 
history of significant blunt or penetrating neck trauma. 


Aspiration of the tonsillar region is commonly per- 
formedto diagnose and treat a peritonsillar abscess. The 
procedure is usually performed under local anesthesia, 
and few serious complications have been reported. 
Haeggstrom et al!° proposed that intraoral ultrasound 
may beuseful in increasing the diagnostic accuracy and 
safety of peritonsillar aspiration. It allows visualization 
of the carotid artery and can potentially prevent unin- 
tended carotid puncture. It may be most practical in 
guiding peritonsillar aspiration for cases in which the 
presence of an abscess is uncertain according to clinical 
examination by an experienced otolaryngologist. To 
the best of ourknowledge, acarotid pseudoaneurysm as 
aresult of diagnostic needle puncture around the tonsil 
hasnotbeenreported in the English-language literature. 


The appearance of pseudoaneurysms on CT and 
MRI depends on the patency of the lesion. On CT, 
patent aneurysms will appear as spherical, isodense or 
slightly hyperdense lesions that show intense enhance- 
ment after contrast. Partially thrombosed aneurysms 
may show enhancement of the patent lumen and outer 
rim of the aneurysm. Completely thrombosed aneu- 
rysms are usually hyperdense priorto contrast injection 
and do not change in attenuation after contrast. Calcifi- 
cation may occur in pseudoaneurysms, most com- 


monly rim calcification along the wall of partially or 
completely thrombosed pseudoaneurysms. The ap- 
pearance of pseudoaneurysms on MRI is variable. The 
patent lumen usually shows high-velocity signal loss on 
spin echo images. Turbulent flow and thrombosis may 
create a more heterogeneous appearance. Thrombosis 
will cause a laminated appearance, with heterogeneous 
degrees of signal intensity from thrombi of different 
ages.>11 


The differential diagnosis of carotid space masses is 
relatively limited. The most common lesions are 
schwannomas arising from cranial nerves IX, X, or XI 
or the sympathetic chain, paragangliomas, and lymph- 
adenopathy.1-? Schwannomas are typically of soft tis- 
sue density on CT; calcification 1s rare. On MRI, they 
are typically of intermediate signal intensity on T1- 
weighted images and bright on T2-weighted images. 
Schwannomas show significant contrast enhancement. 
Since most schwannomas arise from the vagus or 
sympathetic chain, schwannomas are typically seen 
posterior to the carotid artery.? Carotid body tumor or 
vagal paraganglioma may present as a carotid space 
mass. Carotid body tumors splay the internal and exter- 
nal carotid arteries. Vagal paragangliomas typically 
arise between the ICA and the jugular vein. On CT, 
paragangliomas are noncalcified soft tissue-density 
lesions and show strong contrast enhancement. On 
MRI, paragangliomas may have a "salt-and-pepper" 
appearance due to tumor vascularity causing flow 
voids? Lymphadenopathy can be due to metastatic, 
lymphomatous, or inflammatory disease. Calcification 
in lymph nodes may be seen in thyroid and mucin- 
producing carcinomas, tuberculosis, sarcoidosis, sili- 
cosis, scleroderma, amyloidosis, sinus histiocytosis, 
and previously irradiated metastatic or lymphomatous 
nodes.! Other carotid space masses include ectatic or 
thrombosed carotid artery, asymmetrically enlarged or 
thrombosed internal jugular vein, and branchial cleft 
cyst? Minor salivary gland malignancies may arise 
from the parapharyngeal space adjacent to the ICA and 
may occasionally have calcification.?? 


In summary, aneurysm (or pseudoaneurysm) of the 
cervical ICA is a very rare entity that has a variety of ra- 
diologic and clinical manifestations. Aneurysm should 
always be considered in the differential diagnosis of 
carotid space lesions, particularly when peripheral or 
rim calcification is present. 
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IMAGING DIAGNOSIS OF BUCKLED INNOMINATE ARTERY 


TOSHISHIGE KIDO, MD 


MASAHIRO TAKAHASHI, MD 
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INTRODUCTION 


Buckling or kinking of the innominate artery is a 
way of describing elongation, tortuosity, and dilata- 
tion of this vessel. Although a buckled innominate 
artery is seldom encountered in routine clinical ex- 
aminations, it is of particular radiologic importance, 
because its radiologic appearance mimics an aneu- 
rysm or tumor of the apex of the right lung or superior 
mediastinum.!? A buckled innominate artery is often 
manifested clinically as a pulsating mass in the right 
supraclavicular fossa that may suggest an innominate 
or carotid artery aneurysm.?? It is possible to avoid 
unnecessary surgical intervention in patients with a 
buckled innominate artery by correctly identifying it 
by imaging studies such as ultrasound, computed to- 
mography (CT), or angiography, because a buckled 
innominate artery is innocuous and has no serious 
complications.!-? In this report we present the imag- 
ing studies that incidentally demonstrated a buckled 
innominate artery in a patient with a diffuse goiter. 


CASE REPORT 


A 66-year-old woman was seen in our clinic be- 
cause of an abnormal sensation in her throat and a 
nonenlarging anterior cervical mass. She had been on 
medication for hypertension and cardiomegaly for 
several years. Physical examination revealed moder- 
ate obesity and normal vital signs. A diffuse goiter 
with an elastic, soft consistency and a pulsating 
swelling were noted in the anterior part of the neck 
and the right supraclavicular fossa, respectively. 
Findings on examination of the pharynx and larynx 
were unremarkable. A conventional chest radiograph 
showed left ventricular enlargement, a dilated aorta, 
and slight widening of the right superior mediastinal 
shadow. The trachea was normal. Routine laboratory 
findings were normal, and a serologic test for syphilis 
was negative. The goiter was thought to represent 
chronic thyroiditis on the basis of thyroid function 
tests, thyroid scintigraphy, and fine needle aspiration 
biopsy guided by ultrasound. The initial diagnosis of 





the pulsating lesion was a suspected aneurysm of the 
carotid artery or innominate artery associated with 
the goiter. 


Ultrasound scanning revealed a tortuous, dilated 
vascular shadow with pulsations on the Doppler view 
that appeared to coincide with the pulsation of the 
swelling in the right supraclavicular fossa (Fig 1). 
Contrast-enhanced CT showed a great vessel shadow 
that seemed to be located between the enlarged lobes 
of the thyroid gland in the lower part of the neck (Fig 
2A). The shadow of the proximal portion of the in- 
nominate artery was seen in front of the trachea, and 
the shadow of its distal portion in the paratracheal 
space in the upper thorax (Fig 2B). 


Accordingly, we formed a strong suspicion of a 
buckled innominate artery incidentally found in a 
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Fig 1. Ultrasound scan of right anterior neck. Transverse 
scan shows tortuous dilated vascular shadow (asterisks). 
This shadow showed pulsation on Doppler view and 





seemed to coincide with pulsating swelling in right su- 
praclavicular fossa. I — internal jugular vein, C — com- 
mon carotid artery, RT. THYROID — right thyroid gland. 
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Fig 2. Contrast-enhanced computed tomograms. Enhancement effect was somewhat poor, because patient vomited while being 





injected with contrast medium, and injection was discontinued. A) Lower level of neck. Shadow of great vessel (asterisk) is seen 
between lobes of goitrous thyroid gland (G). IJV — internal jugular vein, T — trachea. B) Upper level of thorax. Proximal portion 
of dilated innominate artery (PIA) is seen in front of trachea (T), following shadow indicated by asterisk in A. Distal portion of 
dilated innominate artery (DIA) is seen in paratracheal space. Asterisk indicates point at which right common carotid and 
subclavian arteries bifurcate. RBY — right brachiocephalic vein, LB V — left brachiocephalic vein, LCA — left common carotid 


artery, LSA — left subclavian artery, E — esophagus. 


patient with a diffuse goiter. Since the masses in 
question were determined to be innocuous, the pa- 
tient was discharged and scheduled for regular fol- 
low-up visits. 


DISCUSSION 


Elongation, tortuosity, and dilatation of the innom- 
inate artery are usually associated with arterioscle- 
rotic and hypertensive lesions of the aortic arch.!? 
Hypertension produces unfolding and dilatation of 
the aorta; and arteriosclerosis, which is usually also 
present, causes simultaneous lengthening.^? On the 
basis of these findings, Honig et al! ? reported that the 
aortic arch becomes elevated, and that tortuosity of 
the innominate artery, and secondarily of the nght 
common carotid and subclavian arteries, may result. 
It should also be pointed out that dilatation and 
tortuosity of the innominate artery and its branches 
may occur in syphilitic aortitis.!? 


Schneider and Felson? reviewed the approximately 
125 cases of carotid or innominate artery buckling 
reported in the literature and found the following 
interesting facts. 


1. Almost all of the patients were over 40 years of 
age. The few younger patients, particularly those 
under 30, had coarctation of the aorta. 


N 


. The great majority of patients were women. 


3. Most patients were obese and had clinical evi- 
dence of arteriosclerosis, hypertension, or both. 


4. Cardiomegaly was a frequent finding and was 
usually due to hypertension, although sometimes 


it was attributable to aortic insufficiency. 


5. A small, pulsating mass was often palpable in the 
right supraclavicular fossa. 


6. The innominate artery was affected far less fre- 
quently than the carotid artery. 


Buck and Siddiqui? reported using ultrasound to 
investigate the cause of a "cold" nodule on thyroid 
scintigraphy and found that the thyroid was com- 
pressed by a tortuous carotid artery. 


Computed tomography can also visualize the great 
vessels in the upper thorax in transverse section. 
Tamaki et al’ reported that CT at the level of a 
buckled innominate artery revealed a large, unusual 
"snowman"-shaped mass extending from the right 
anterior chest wall posteriorly into the lung. In our 
case, there was strong suspicion of a buckled innomi- 
nate artery based on the ultrasound and CT findings 
before it was definitively diagnosed by angiography, 
which might be avoided in future. 


It is common knowledge that the definitive diag- 
nosis of a buckled innominate artery can be made by 
angiocardiography.! 2 Although angiography is time- 
consuming and involves a small risk, it establishes 
the diagnosis in cases of suspected superior medias- 
tinal lesions. 


In conclusion, a buckled innominate artery should 
be considered in patients with hypertension and arte- 
riosclerotic heart disease who have a pulsating mass 
in the right supraclavicular fossa. Ultimately, in our 
patient it was possible to avert unnecessary surgical 


a 
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exploration by performing the imaging examina- 


tions, and her prognosis is good with appropriate 


medication for the abnormal sensation in the throat. 


Ultrasound and CT are very helpful in detecting 
buckling of the innominate artery. Angiography may 
be necessary in selected cases. 
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INTRODUCTION 


Computed tomography (CT) has been reported to 
provide much information to surgeons who perform ear 
and sinus surgery.!-> For the presurgical evaluation of 
nasal surgery, axial and direct coronal CT scans have 
been used as the standard scan. Recently, endoscopic 
sinus surgery (ESS) has become a common procedure 
for nasal surgery, and the lateral sinus images are most 
helpful in determining the distances between anatomic 
landmarks in preparation for ESS. Magnetic resonance 
imaging (MRI) affords sagittal images and has excel- 
Jent soft tissue contrast, but the bony structures cannot 
be visualized. In CT, the bone density can be easily 
visualized, and this provides helpful presurgical infor- 
mation, but it is difficult to obtain lateral images by this 
means. 


We present the sagittal reconstructed CT sinus scans 
of two patients with ethmoid and sphenoid mucoceles. 
The axial, coronal, and sagittal CT images are com- 
pared, and the advantages of the sagittal CT sinus 
images for ESS are discussed. 


IMAGING TECHNIQUE 


Helical scanning was performed with a High-Speed 
Advantage (General Electric Medical Systems, Mil- 
waukee, Wis) CT scanner on 140-kV and 220-mA 
settings, with a 25-cm field of view without contrast 
medium. Three-millimeter collimation was used with 
3-mm/s table speed, and scanning was continued for 30 
seconds, yielding a total coverage of 9 cm. This allowed 
complete visualization of the area from the hard palate 
to the frontal skull base. Axial images were retrospec- 
tively reconstructed with a 180? interpolation algo- 
rithm, 1.5-mm pitch, and a 16.7-cm display field of 


view (magnification factor 1.5), producing 59 images 
that centered on the paranasal sinuses. Sagittal and 
coronal images were then reconstructed from these 59 
axial images by the multiplanar reconstruction (MPR) 
method. The patient was in the supine position; neck 
hyperextension, which is necessary in direct coronal 
CT scanning, was not necessary with this method. 


CASE REPORTS 


Case 1. A 57-year-old man having a 1-month history 
of left eye blurriness consulted an ophthalmologist, and 
an eye CT scan revealed a left ethmoid mucocele. He 
was referred to our hospital and admitted to undergo 
ESS. Figure 1 shows the preoperative axial, coronal, 
and sagittal CT sinus images and the operative findings. 
The axial and coronal CT images depicted the ethmoid 
mucocele, but the relationship between the frontal sinus 
and the anteriorethmoid was unclear. On the sagittal CT 
images, a clear passage via the frontonasal duct and the 
wall of the mucocele bordered by the posterior ethmoid 
were clearly detected. On the ESS findings, the wide 
ostium ofthe frontal sinus was seen afterresection ofthe 
anterior wall of the ethmoid mucocele, and the frontal 
sinus was filled with mucopurulent fluid. 


Case 2. A 56-year-old woman who presented with a 
3-month history of right eye blurriness consulted a 
neurosurgeon, and the brain CT scan obtained at a local 
clinic revealed a sphenoid mucocele. She was referred 
to our hospital. Bilateral nasal polyps and right exoph- 
thalmos were detected, and she was admitted for ESS. 
The coronal, axial, and sagittal CT sinus images re- 
vealed an ethmoid mucocele and a sphenoid mucocele 
(Fig 2). Compared with the axial and coronal CT 
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Fig 1. (Case 1) A) Preoperative axial computed tomography (CT) image. B) Coronal CT image. Mucocele of anterior ethmoid i: 
detected. C) Reconstructed sagittal CT image. Beak of frontal sinus is eroded, and passage to frontal sinus is wide. D) Operative 
findings in endoscopic sinus surgery. Ostium of frontal sinus is widely open (arrowheads). 


images, the sagittal CT images revealed more clearly 
the distribution of the intermediate wall of the two 
mucoceles that would need to be resected at surgery. At 
surgery, both mucoceles were seen to be filled with 
purulent fluid, and the part of the mucocele wall in 
contact with the nasal cavity was resected for drainage. 


DISCUSSION 


The paranasal sinus anatomy is complex and shows 
great variation from patient to patient.'* In a sinus 
mucocele, important anatomic landmarks are often 
destroyed by the wall of the mucocele, but detailed 
information on the anatomic structure is nevertheless 
needed for presurgical evaluation and planning. On 
axial and coronal CT scan images, the margin of the 
wall of the mucocele adjacent to the skull base cannot 
be imaged on one slice. Useful information is provided 
by the images when the direction of the CT section co- 
incides with that of the intended surgical procedure. In 
a previous report? the importance of sagittal CT images 
was proposed for ESS, but the clinical usefulness was 


not discussed because of the poor capacity of the con- 
ventional sagittal reconstruction scanning equipment. 


Withthe recent development of slip-ring CT technol- 
ogy, helical scanning has been made possible. From the 
continuous raw data collected with helical scanning, 
multiple overlapping axial sections at arbitrary inter- 
vals can be reconstructed. We use 3-mm X-ray collima- 
tion and obtain 3-mm-thick sections reconstructed ev- 
ery 1.5 mm. Because of the reduction of partial volume 
artifacts, multiple overlapping reconstructed sections 
can enhance the anatomic resolution within the area 
imaged. The scanning time is only 30 seconds, and the 
calculation time is about 15 minutes for the reconstruc- 
tion of 59 three-mm-thick axial images with 5096 of 
overlap each. Sagittal and coronal reconstruction with 
the MPR method is completed within seconds. Views in 
any direction (coronal, sagittal) can be acquired from 
scanning in a single direction (axial scanning). The 
reconstructed images can be reviewed as virtual or 
perspective images. Magnetic resonance imaging has a 
similar advantage, but the bone is not visualized. The 
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Fig 2. (Case 2) A) Preoperative axial CT images. Mucoceles are seen located in posterior ethmoid sinus and sphenoid si- 
nus. B) Coronal CT images. C) Reconstructed sagittal CT image. Both walls of mucocele are clearly imaged in single slice. 
D) Reconstructed sagittal CT image (postoperation). Intermediate wall of mucocele has been completely resected, and both 
sinuses (posterior ethmoid and sphenoid) are well pneumatized. 


cost of CT is about 2.5 times less than that of MRI. 


The importance of the lateral plane radiograph has 
been emphasized for ESS, but the real length and an- 
gle of the anatomic landmarks are reported to differ 
from those depicted on the images. On sagittal CT 
images, the distance and angle for certain anatomic 
landmarks can be measured directly and more accu- 
rately. During the ESS procedure, this anatomic infor- 


mation is of great assistance to the surgeon, who can 
observe the surgical view on the closed-circuit video 
monitor in two dimensions. Recognition of anatomic 
structures has led to the proper performance of the 
surgical procedure to avoid injury to adjacent normal 
structures. We think that helical scanning CT is well 
suited for evaluation of the paranasal sinuses and might 
be used as a routine examination in the preoperative 
assessment. 
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Medicine is seeking candidates for Chair, Department 
of Otolaryngology. Located in Winston-Salem, North 
Carolina, Wake Forest University School of Medicine 
is a large multispecialty academic medical center 
affiliated with North Carolina Baptist Hospital and 
Brenner Children's Hospital. Existing areas of faculty 
clinical practice, research, and education include skull 
base surgery, laryngology, rhinology, otology, head/ 
neck oncology, pediatric otolaryngology, and tempo- 
ral bone pathology. The Department has an accredited 
residency training program. AA/EOE. 


Letter of inquiry and curriculum vitae should be sent to: 


Edward G. Shaw, MD 
Chair, Department of Otolaryngology Search Committee 
c/o Department of Radiation Oncology 
Wake Forest University Baptist Medical Center 
Medical Center Boulevard 
Winston-Salem, NC 27157-1030 
Phone: (910) 716-4647 Fax: (910) 716-5972 
E-mail:eshaw @bgsm.edu 
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ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNOUNCEMENT RATES 


Quarter page $175 
Half page 300 
Full page 520 


Material must be received 30 days prior to the month of issue, eg, for the February issue the due date is 
January 1. 


CHANGE OF ADDRESS 


Address changes must be received 45 days prior to the effective date so that your subscription will be 
received without interruption. 


CLAIMS 


Claims for missing issues must be received within 60 days ofthe month of publication for the United States 
and Canada, and 180 days for other countries. 


Annals Publishing Company 
4507 Laclede Avenue 
St Louis, MO 63108 
(314) 367-4987 
FAX (314) 367-4988 








Laryngoscopes from Karl Storz 
For all anatomic situations 
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Designed in collaboration with 
leading authorities, Karl Storz 
laryngoscopes provide optimal 
site specific or panoramic 
visualization for even the most 
difficult anatomic situations. From 
neonate to adult, these 
lightweight stainless steel 
laryngoscopes have a unique 
handle for easy introduction. The 
Kantor-Berci Video Laryngoscope 
provides a distal telescopic view 
and allows unobstructed bi- 
manual manipulations from the 
monitor image. HOPKINS rod- 
lens telescopes from 0° to 120° 
enhance the diagnostic capability 
of direct laryngoscopy. 


For more information or a demon- 
stration, please contact your local 
Karl Storz representative, or call 
Karl Storz directly at 

(800) 421-0837. 


STORZ 


Karl Storz Endoscopy 








KARL STORZ GmbH & Co. 
MittelstraBe 8, D-78532 Tuttlingen, Germany 
Postfach 230, D-78503 Tuttlingen, Germany 
Telegramm: Endoskopie NS. 
Telefon: (07461) 70 80, Telex: 762 656 storz d? r 
E 





A 


Telefax: (07461) 70 81 05 d 


KARL STORZ Endoscopy-America, Inc. 
600 Corporate Pointe 

Culver City, CA 90230-7600 
Telephone: (310) 558-1500 A 


(800) 421-0837 t 
(310) 410-5530 | 





Telefax: 


KARL STORZ Endoscopy-Canada, Inc. i 
438 University Avenue, Suite 1800 F 
Toronto, Ontario, Canada M5G 2K8 i 
Telephone: (416) 596-9900 

(800) 268-4880 (English) 
(800) 361-7388 (Francais) 
(416) 


Telefax: 416) 596-9333 


KARL STORZ Endoscopia Latino America 
815 N.W. 57th Ave., Ste. No. 480 

Miami, FL 33126-2042, USA 

Telefono: (305) 262-8980 

Telefax: (305) 262-8986 
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